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those obtained from previous theses and manufacturer 


specifications. 
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I. INTRODUCTION 

A. BACKGROUND 

In the past few years the popularity of millimeter-wave 
Systems has been steadily increasing. Small physical dimen- 
sions, low power requirements and large bandwidths have 
allowed the advent of millimeter-wave systems in many areas 
of electronics including communications, computer links, 
medicine, radar and radio AGS dara 

With increased system demand comes the need to test 
components of millimeter-wave systems quickly and 
accurately. In the past computer control of a Scalar 
Network Analyzer was possible through the use of an Analog 
to Digital (A/D) converter. Such a system was developed at 
the Naval Postgraduate School in 198% using the HFP-9845B 
computer, HP-47310A A/D converter, HP-8755 Scalar Network 
Analyzer, HP-8620G Sweep Gontroller with the Hughes 47225H 
Full Band Sweep Plug-in and a Reflectometer Set-up using 
Hughes and Baytron components.[(Ref. 1) This system provided 
&a means for automated millimeter band measurements from 60 
to 90 GHz. The analog main frames required extensive 
computer control to provide computational data and this 
large amount of peripheral control resulted in slower 
measurement times than would have been expected with an 
automated system. 

. Late model analyzer and sweeper main frames now enable 


direct computer control of all analyzer and sweeper 


1Z 


functions. Sweep data can also be internally digitized to 


allow full cantrol and data passing without the need for an 
A/D converter. This ability to allow main frame control of 
functions which were originally computer controlled 
Simplifies software commands and speeds. up the measurement 
process. Hughes Aircraft Gompany now offers such a system 
utilizing the HP-85 computer, HP-8756 or HP-8757 Scalar 
Network Analyzer, HF-8350 Sweep Controller with a Hughes 
Full Band Millimeter-Wave Plug In and a Reflectometer Set-up 
using Hughes components [Ref. w@:ipp. #£4-25). The software is 
customed to the Reflectometer components selected and the 
desired application. 

Improvements in the Naval Postgraduate School 
Millimeter-Wave Scalar Network Analyzer system now offer the 
following features: 

_ stan eer ivVEN compucer control of system calibration 
and Device Under Test (DUT) measurements. 

RE. The ability to perform several DUT measurements of 
return and/or insertion loss from a single 
calibration. 

o. CGontrol of the number of data points used for the 
calibration/measurement from a menu choice of seven 
possibilities ranging from 10 data points ta 401 
data points. 

4. All of the calibration data is taken before the 


lengthy calculations are started thus minimizing 
operator interface time. 


5. DISPLAY of measurement results either in tabular or 
€raphical form. 
G6. PRINTER output of measurement results in tabular or 


graphical form. 
7. PLOTTER output using the HP-9872 series high 
HesG@lurton multicolor plotter. 
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Software modifications have also made insertion loss 
measurments with the "A" coupler installed faster and 


easier. 


Rep Une eo 

This thesis investigates Sy performance of an automated 
Millimeter-Wave Scalar Network Analyzer using the following 
components: 


1. HP-3845B Computer. . 

e.  HP-8350B Mainframe Sweeper with the Hughes Full Band 
Millimeter-Wave Plug-in. 

HP-8756 Mainframe Scalar Network Analyzer. 
Reflectometer Setup using Hughes components. 

HP-Sé&7e Fietter. 


CT om Cl 


The system performance will be compared with known 
components with attributes and deficiencies noted. 
Additionally the measurements obtained will also be compared 
With measurements obtained in previous theses and with 
manufacturers component specifications. The systems dynamic 
range will be determined and compared with the Hughes 


Automated Millimeter-Wave Scalar Network Analyzer. 


G. RELATED WORK 

Under the direction of Professor Jeffrey B. Knorr, Uses 
Naval Postgraduate School, G. S&S. Leoussis and E. D. Gatsos 
developed the NPS Automated Millimeter-Wave Scalar Network 
Analyzer [Refs. 1,4]. Professor Knorr’s development of the 
measurement theory and mathematical models used in the 


software can be found in Reference 3. 
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The Millimeter-Wave Scalar Network Analyzer 1s a 
waveguide based system. The system must be able to measure 
the incident and scattered RF power of a device under test 
(DUT). Performance is given in terms of the scattering 
parameter amplitudes which can then be used to compute the 
return loss and/or the insertion loss of the DUT. 

In general, scattering parameters can be defined in the 


form: 


jay 





| 
oie m . 
oe = : C1i#n) C1) 


by 

by 
ll 

© 


rd 


where S,,, is the complex ratio of the variable b, of a 
signal (wave) emerging from port m relative to the variable 
&, of a signal (wave) incident at port n. The Network 
Analyzer is designed to measure parameters proportional to 
lb,!| and la,! so that their amplitude ratio can be computed. 
Since this type of measurement lends itself easily to 
computer control and computations, typically modern systems 
are automated. The objective is to use the measurement 
System to determine the insertion loss, IL, and return loss, 
kL, of a DUT. For illustrative purposes, with the generic 
two-port device in Figure i placed in the forward direction 
CPort A driven), the return loss at Port A and the insertion 
Ioss from Fort A to Port B are related to the scattering 


coefficients of the DUT by: 


1} 





Figure 1. Scattering Parameter Signal Plew Diagram te, 
a Two Port Network. 
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Figure 2. Basic Diagrams for Returm and) Insert teonmecca 
Me acUGemerntsr. 
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Bl, = -10 10€;9!8,,!* (Z) 


= ra 


If the DUT is reversed, then the return loss at Port B and 
the insertion loss from Port B to Port A can be determined 


as follows: 


RLp = -10 1logyg!Sga!* (4) 


[Lpa = -10 10€,9!8,2!° oie 


The scalar measurement system is designed to obtain the 
parameters which can be used to determine the magnitude of 
the scattering coefficients and finally the desired return 
and insertion losses. 

Simplified diagrams of the reflectometers used for 
return loss measurements and insertion loss measurements are 
illustrated in Figures ga and &b respectively. The three 
couplers are referred to as the R, A, and B couplers since 
they provide samples of the incident (reference) signal, the 
Signal scattered from Port A of the DUT, and the signal 
scattered from Port B of the DUT. Square-law detectors 
located at 3, 4, and 6 provide output voltages proportional 
to the RF-signal power scattered to these three ports. The 
return loss is determined from the ratio Va/Vp, and the 
insertion loss is determined from the ratio VE/Vp. In an 
ideal system, RL and IL could be determined directly from 


these quantities. In practice, however, these values are 
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corrupted by component differences and imperfections. It is 
necessary, therefore, to first calibrate the system and then 
accept some uncertainty when the measurement is taken. Jt 
the measurement uncertainties can be quantified, then some 
bounds of measurement uncertainty can be determined so that 
meaningful interpretation of the results can be made. 
1. Return Loss Measurement Analysis 
In general, the return loss from a DUI port, kage 


given by: 
es - +) C6) 
RL, = -10 1logyo(P,-/P, ‘ 


where Py,” is the power scattered from port k, and Pou is the 
power incident on port k. The. incident and reflected powers 
are detected at ports R and A respectively and the detector 
output voltages are sent to the scalar analyzer. Referring 
to Figure ga, the ratio of detector voltages may be 
expressed in terms of the scattering coefficients a1 ecroe 
reflectometer bridge as: 


@ 


ie A 
VAC Sp) ie aie 
42 





in 


where a® is a constant, and [T., is the input reflection 
coefficient of the DUT and where it has been assumed that 
ISacriyl<<i1. It should be recognized that 1S9,1#1 and that 


IS4,/7Sqacl<<t will be approximately equal to the directivity 
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Sioure semeeenasor Diagrams tor Establishing @ dB Return-Loss 
Signal Level in Scalar Network Analyzers. 


of the A coupler. However, the coupler directivity will 
always be an upper bound for IS4y/Saal. 

Before making a measurement, the 0 dB return loss 
reference level must be determined. In a coaxial scalar 
network system the reference value could be determined by 
substituting the DUT by a coaxial short followed by a 
coaxial open and measuring the respective return loss 
values. In this way the two extreme phasor components of 
the signal magnitude could be determined. As illustrated in 
Figure da, the 0 QB reference value could then be determined 
by the linear average of the shorted and open measurements. 

Establishing the 0 dB return-loss reference. level 


for a waveguide system is somewhat more involved, however, 
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Since there is no waveguide equivalent to the open coaxial 
port. Equation (7) indicates that this levedeouvae 
established through the use of & sliding waveguide short. 

In this case, Pj, = e JF and, as the position of the short is 
Varied, oneobtains maximum and minimum readings for each 


measurement frequency (see Figure 3b) 


1/e . 
MaxX 
Ne ay Aes 
OV AR ead = & ISoy,1C1-1Sa01) - § (9) 
min 
where 
S = C 18S4)/Saal (-146641). (10) 


If these readings are averaged as follows: 


Lene 1/z 1/z 
CV A/V Ee) Ooi 1/EU CV a/V ER) aT + SN ON LS ea Ct 
ave max min 
= 15a, | 


the 0 @B return-loss reference level and en can be 
established for future measurments. Once this calculation 


has been made then the following can be determined: 


1/Z We 
(Va/Vp cal - ©Va/VR 651 


max min = 
= 15 i +¢ § (12) 
az 7 PAS 
&OVA/VR) O37 
avg 
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which will be useful in determining the measurement residual 
uncertainty. [So5! is the equivalent of the source 
mismatch, and is determined from (1%) with uncertainty no 
greater than the A coupler directivity, &. 

If the DUT is connected to port & of the A coupler, 


a measurement of the reflected power from the input port of 


the DUT can be made. There is no control over the phase of 
the reflected power. It can be shown, therefore [Ref. Sip. 
Pe5)<, 
1/z 
CVA/Vp) |-S | 
— ABR POT— = Pint + Cyl + CgiSgelIPinl®. (isp 
AN Re at [S4o551 | 
ave 
The constants CG; and Go lie in the interval [-1,1] and 


depend upon the phases of the directivity and equivalent 
source mismatch error signal components relative to the 
signal reflected from the input of the DUT. [Ssel was found 
during the calibration and it is assumed that 155,11. 
1S44/Sqc! ig not generally known as a function af frequency 
feet is bound from above by the coupler directivity, D, as 
specified by the manufacturer. The detector voltage ratios 


may now be determined by 


1/z 
CVA/V 
— AE UT = (ira 2 Nae (14) 
AYR? cal 
ave 


where the worst case uncertainty AP;, 15 given by 


z z 
4r,, = D+ [SselIP.,! (15) 


In order for the proper 0 dAB return-loss reference level to 
be determined for all phases of the input signal, the 
sliding short must be moved through 4a distance of at least 
one half of the guide wavelength, XX’. This will ensure that 
the signal passes through a full 360° of phase as 
illustrated in Figure 3b. The calibration algorithm can 
then determine the maximum and minimum values of (Va/Vp) at 
each desired frequency as the sliding short is moved through 
a distance of \X\‘’/% at the lowest frequency in a specified 
number of steps, in this case 10. These values can also be 
used ta compute the range of error for each measurement. 

Interaction between the DUT, the source and the R 
coupler can be minimized through the use of a waveguide 
isolator between the R and A couplers. This will also 
minimize the equivalent source mismatch, !Saal. 

As a final note, the measured DUT input reflection 
coefficient is given by 

DUT DUT 


aera se 


r.. = sDUT , es (16) 
it 1. seutp 


eel 
where PF, is the reflection coefficient of the load 


terminating the DUT (Ref. G:p. 185) Since !IP;,! = !15,,! for 


in 


ae 


the Sel only if IT = O, the best possible load should be 
placed on port B of the DUT when measuring IP,;,/ at port A, 
and vice versa. To achieve the lowest uncertainty for 
return-loss and insertion-loss data, the unexcited port of 
the DUT should be terminated in a waveguide matched load. 
If a sliding load is used then the error due to load 
reflection may be averaged out in the same manner as the 
equivalent source mismatch error is averaged out during the 
return-loss calibration procedure. This will cause the 
process to be less automated, however, and some compromise 
may be necessary if a computer driven measurement system is 
desired. 
®. Insertion Loss Measurement Analysis 
Determining the insertion loss requires satisfying 


the equation 
ILyg = -10 logiy( Py /P,*) C17) 


where Pa is the power scattered from port q of the DUT and 
Be is the power incident on port k of the DUT. Looking at 
the basic setup in Figure #@b, this measurement is taken by 
terminating the network in the B-coupler and samples of the 
incident and scattered waves are coupled to ports R and B 
respectively. The square-law detectors at 3 and 6 produce 
the output voltages Vp and Vp. It can be shown that the 
ratio of these detector voltages in terms of the scattering 


coefficients of the DUT is given by 


> 


rae) 


He 


; r 
1¢1-SDUTp 7) ¢1- SOUT yas eT Sa Tel 


C18) 


(Vp/Vp)!7* = 


Where dad is a constant, ee is the reflection coefficient 
seen looking into port # of the A coupler, and Pf,’ is the 
reflection coefficient seen looking into port 5 of the B 
coupler (Ref. S:p. 185). Galibration of the ret®ecvaome ten 
for this measurement 1s done by SEE the A and B couplers 
aQlseet1y together. This results in the following 


relationships: 
S44 = fas eo CLS) 
As a result 


- a 
CVV Sout oe ee ee (Z1) 
eR Tio oe 
~ s “L 
and the correct reference level (0 AB insertion loss) i185 
located with an uncertainty equal to idIP, ‘TP, ’I<<d. The 


uncertainty can be reduced by making either f,’ or Py’ 


smaller which can be accomplished by removing the A-coupler 


during calibration and measurement for insertion loss. When 
this is done, If,’! is determined solely by the isolator 
VSWR. 


The location of the insertion loss reference level 


will have a worst case uncertainty determined by the system 


m4 


component specifications. With the A-coupler 


in the system, 


the reflection coefficients [,’ and PP,’ seen looking into 


the A and 


Ss4Sa0Fr 
Po’ = Sop + R4°4n° D4 
i - Sezlpa 
SeaSeel 
Br = Seq 4 65~56° D6 
1 - Seelpe 
In each case the coupler port 


(A-coupler by the isolator, 


makes each coupler appear as a &-port network terminated 


loads Tph4g and [pg respectively. As a result, 


B couplers respectively are given by 


B-coupler by the load). 


C23) 


is effectively terminated 


This 


in 


the best 


possible results will occur when the detectors exhibit the 
lowest possible VSWR. Unfortunately millimeter-wave 
detectors generally have high VSWR’s so an isolator with a 


lower VSWR preceding the detector may be necessary. Keep in 
mind that the secondary arm of the coupler will reduce the 


coupling factor by about 10 aB typically. The values of 


Il.’ | ana IT; ’l for the reflectometer setup used in this 


paper are given in Ghapter II, page 24. 

The 0 @B reference uncertainty can be 
tightly by measuring the return loss of the B 
calibration. This will establish iI, Il. II,! 
determined from the value of ISecl, which was 


the return loss calibration (Equation 1%) ana 
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bounded more 
coupler during 
can be 

found during 


Yn4 from 


manufacturer specifications. It can be shown that the 


calibration uncertainty i185 
20 POE, gto ee (24) 


which is reduced since ee | is known from direct 
measurement at each frequency of interest [Ref. S:p. 187) . 
With the DUT inserted between couplers A and B the 


insertion loss is determined By 


1/2 
L/E 
Bee 
= s }1S5,!0 Coan 
_abDUT ' DUTp_, DUTcDUThn_., ' m1 


Since there is no control over the DU scattering 
coefficients, the measurement error depends upon [f,’ and 
Pr’. Accurate measurements require the minimization of 
these two values. 

In an automated system the value of the measurement 
along with the computed maximum and minimum measurement 
uncertainty can be easily graphed. This provides an easy 


graphical picture of the DUT response which can provide an 


immediate evaluation of the device performance. 
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Li aes STEM DESCRIPTION 


The Millimeter-Wave Scalar Network Analyzer system used 
for this thesis is illustrated in Figure 4. Specific 
Reflectometer components are listed in Table I. The full 
band sweeper and reflectometer WK escent tame the same as 
before but a new Schottky barrier detector diode was used in 
the A-coupler. The Reflectometer components yield 4 
IP.1£0.50 and a IP, i£0.18@ (Refs. &@,3).. The other major 
components are described below. 

The new mainframes required software modification for 
proper computer interfacing. CGonspicuous by its absence is 
the analog-to-digital converter which was eliminated by 
using the new mainframes. Although software modifications 
were required to communicate properly between mainframes, 
the computations used for determining the return loss and 
insertion loss remained essentially the same. Details on 
specific software modification are contained in the third 
section of this chapter. 

A. Hardware 

The five major components used for the Automated 
Millimeter-Wave Scalar Network Analyzer are as follows. 

1. Gomputer: The HP-9845B microcomputer was used for 
this setup. Its 186K memory was sufficiently large 


for all storage and computational requirements. Tt was the 
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computer used for the original setup and software 
modifications were minimal and easily incorporated. The 
internal thermal printer was used for text output and could 
eso be used for graphical output if desired. 

&. Sweeper Gontroller: One of the new mainframes used 
for this setup, the HP-8350B, was interfaced with the 
HP-93845B computer through the HP-8756A Scalar Network 
Analyzer. The HP-8350B could be controlled either locally or 
remotely through the entire 60-90 GHz band by using the 
Hughes 47610H Millimeter-Wave Plug-In. One major advantage 
of the HP-~8350B was the ability to switch the RF head on the 
Full Band Sweeper automatically through proper frequency 
selection. No separate band selection commands were 
required from the software. The primary disadvantage was 
aa the entire millimeter band from 60-930 GHz could not be 
swept with a single command. In order to execute a full 
band sweep, the computer had to command a sweep from 60-70 
GHz, then from 70-80 GHz, and finally from 80-930 GHz. This 
Was necessary to activate the proper RF head in the Full 
Band Sweeper. 

o.» Millimeter Wave 60-90 GHz Full Band Plug-In: The 
Hughes 47610H Full Band Plug-in which was used in the 
Original setup was used again for this setup. An adapter 
piece along with a ROM chip from Hughes Aircraft Company was 


required for proper interfacing with the HP-~8350B Sweeper 
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Gontroller. The conversion was easily accomplished and no 
subsequent problems have occurred. 

4. Scalar Network Analyzer: The HP-8756A Scalar 
Network Analyzer was the most important improvement to the 
system. Although the analyzer could be operated 
independently, its connection with the computer through the 
interface bus (HFP-IB) allowed for complete computer control 
of all analyzer functions. The HP-8756A also had the 
ability to digitize the display sweep and transfer the 
values to the HP-3845B for storage and computations. The 
results using this analyzer were very good although there 
Was one drawhack. The display sweep is digitized to 401 
points regardless of the START/STOP frequencies. This meant 
that great care had to be used for measurements taken 
nonsymmetrically around a band switch point. For example, 
to sweep from 65-7s% GHz first requires the sweep from 65-70 
GHz, then the sweep from 70-77% GHz since 70 GHz is the bana 
switching point. The HP-8756A, therefore, will digitize the 
first sweep of 5 GHz (65-70 GHz) into 401 points and send 
that to the computer. It will then digitize the remaining @ 
GHz (70-72% GHz) into 401 points and send that to the 
computer. As one can see, the result is that for the same 
frequency range in each band there are going to be a 
different number of samples taken resulting in accuracy 
differences. The easiest way to avoid this problem is to 


insure that the frequency width taken in each band is the 


a0 


same, i.e., insure that the START/STOP frequencies are 
symmetrical about the band switch frequency. 

5. Plotter: The HF-9387% series Plotter was a totally 
new addition to the system. In the previous system, the 
fraphical output was only available from the HP-9845B 
internal thermal printer. This method was very quick, but 
all too often produced a copy which obscured the actual 
measured value and the bounds of uncertainty. 

With only a few lines of code the user now has the 
capability of producing a larger, high resolution, 
multi-color output of the graphical data. By utilizing the 
fine tip pens and multi-color capability of HP-9872 plotter, 
even the tightest bounds to the actual reading came out 
dramatically clearer than with the thermal printer. 

All of the graphical results in this paper were done on 
the HP-9872C Plotter. Although the plotter image takes 
longer to produce, this feature was a major improvement over 
the old system. 

The Reflectometer components used for the measurements 
as well as the variable attenuator, sliding short and 


matched load used as DUTsS are listed in Table I. 


B. SYSTEM CONNECTION 
Figure 4 shows the measurement system interconnections. 
The HF-IB connects the HP-8756A Scalar Network Analyzer 


mainframe and the HP-93872C Plotter with the HP-38455 


ol 


TABLE I 


SPEGIFIG REFLECTOMETER GOMPONENTS USED FOR THE 
AUTOMATED MILLIMETER-WAVE SCGALAR NETWORK ANALYZER 


= ce ee ee es es ee ee ee ee ee ee es ee ee ee ee es es ee ee ee ee ee ee ee ee ee ee ee ee es es es ee ee ee es ee ee eee es es es es es ee ee eae 
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foceu) deh sae: yoGTy | Nenufac tren sea 
| Full Band EF Source” | i | Huéhes | 4712582 00000m 
Hiodulator/beveler 1117 Hughes "717 482188211007 
| Directional Coupler | 4) ge 3h ee 
ECO e COLO ae | 3 tg Beehes | eee 
eee QECOe I Pe CS 
| Detector Adapter ee) Hye | 11664¢6 | 
Peano eS na \ "2B | Hughes | 45L15H=1000 1 
| Yariabie Attenuator’ —| 777771777 Rughes "7714872881000" 
eee Ce Se aaa ieee | one ee 
| Matched Load == |__| Hughes _|_45615H-1000 | 
computer. The HP-8350B Sweeper CGontroller is connected via 


external bus to the HP-8756A. All computer commands for the 
Sweeper pass through the analyzer. 

The Hughes 47610H Millimeter-Wave Plug-in is internally 
connected to the Sweeper Gontroller with external 
connections to the Full Band RF Head for band selection and 
RF power control. Detector voltage outputs are fed through 
an adapter where the signal is amplified and impedance 
matched to the HP-8756A input. Power ratio measurements are 
displayed on the analyzer scope. The scope sweep is then 
digitized into 401 points and sent to the computer via the 
HP-IB. All computations for return and/or insertion loss 


are performed by the computer and the results outputted ta 


OR 


Bilther the GRI, intermal thermal printer or externally 


through the HP-IB to the HP-9872C plotter. 


G. SOFTWARE 

The old Millimeter-Wave Scalar Network Analyzer used a 
program entitled "AEK" which was developed by Lieutenant 
Elia Gatsos, Hellenic Navy [Ref. 4:pp. 78-94). The analog 
nature of the HP-8755B Scalar Network Analyzer precluded 
sweeping the band of interest continuously since the 
analyzer output could not provide a digitized sweep output 
to the HP-393845B computer. The band had to be divided into 
individual frequencies spaced across the desired band in 
steps which were selected by the user; 100 MHz for example. 
With the HP-86<20G Sweeper Gontroller in the GW mode (vice 
FREQUENCY SWEEP mode), the computer would send the 
individual frequencies to the Sweeper Gontroller. At each 
step the output from the HF-87555B would be routed through 
the A/D converter to the computer where it would be stored 
im an array. 

In the new system, the HF-8756A Scalar Network Analyzer 
has the capability of digitizing a sweep and outputting the 
measured values directly to the HF-9845B computer as a 
Serial string of values which can be read directly into an 
array. The sweep is always digitized into 401 points. The 


program had to be modified to provide for this increased 


Oo 


capability. The commands were much simpler and arrays could 
be initiated with a maximum number of 401 points. 

The HF-8350B Sweeper Gontroller required a few extra 
commands to ensure only one band was swept at atime. The 
only way to position the RF head on the Reflectometer to the 
proper position was to have the START/STOP frequencies fall 
Within a particular band. This meant that to sweep across 
the entire band from 60-90 GHz required three series of 
commands from the computer; 60-70 GHz, 70-80 GHz and 80-90 
GHz. 

To provide consistency in the measurements, 401 points 
were always used. For a sweep in one band this was no 
problem. When sweeps across two or three bands were 
required, some data manipulation was required to ensure 
equally spaced data points between the start and stop 
frequencies. Additional computer commands were required, 
therefore, for processing the HP-8756A data. 

Handling 401 data points provided excellent results but 
required lengthy computations for calibration and 
measurement (due to a number of laoping operations). To 
allow for faster computatian times at the expense of 
resolution, a selection of 7 choices for total number of 
data points used was provided for the user. The lowest 
number, 10, was used for trouble shooting the program. 
Computations were very fast but the results were not of much 


use for actual measurements. The remaining numbers, up toa 


a4 


401, give increasing degrees of resolution and longer 
computation times. The user must determine the number of 
points versus computation time required for a particular 
measurement. 

The final major program modification involves adding a 
feature which was not previously available. The internal 
thermal printer will produce a graphic representation of the 
measurement (Creturn loss or insertion loss). At times the 
measurement and the boundaries for the range of error kecome 
so close that it is difficult to distinguish between them. 
It would be helpful to have a larger, clearer graphic image. 

With this in mind, the capability of plotting the 
graphic image on the HP-9387% plotter was incorporated into 
the program. The image can be as large as the plotting 
surface (11" x 17") and can have up to 4 colors for greater 
clarity. This feature proved very successful and greatly 
enhanced the output capabilities of the system. 

Other minor program modifications were added to provide 
for more user friendliness. During the sliding short 
calibration all data is taken before the 0 dB return loss 
reference level is computed. This reduces the user 
interfaced time required to move the position of the sliding 
short. 

The measurement sequence for insertion loss in the old 
program was the same with or without the A-coupler in the 


system. With the A-coupler in the system, the sequence was 


o5 


rearranged to provide fewer user interfaces resulting in a 
faster measurement process. 

The number and magnitude of program modifications 
Justified renaming the program from "AEK" to "MMWSNA". A 


flow chart of the program is shown in Figure 5. 
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Figure 5. Measurement Flow Chart for "MMWSNA" Program. 
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Tif. RESULTS 


The number of tests which were used to verify the 
performance of the improved Millimeter-Wave Scalar Network 
Analyzer precludes reviewing all of them in this paper. A 
representative sample have been chosen to illustrate the 
return loss and insertion loss capabilities and many more 
were used to determine certain system parameters such as 
dynamic range. This chapter reviews the measurements and 
provides illustrations to characterize them. Accuracy 
measurements with the improved analyzer also include tabular 
data. Some comparisons will also be made so that the 
improved system data can be compared with data gathered in 
previous theses, known systems, and manufacturers’ 
components. The MMWSNA User Guide (Appendix A) may he 


helpful as a reference. 


A. RETURN LOSS MEASUREMENTS 

As mentioned in the Chapter 1, Section G, the analyzer 
must be calibrated prior to performing measurements for 
return loss. The system was calibrated using a sliding 
Short. The short was moved to ten different positions 
ensuring that the short was positioned over a length greater 
than &.5 millimeters which 1s equal to A/Zkme at 60 GHz. 
Sufficient accuracy is attained using 100 to 200 data points 
for the measurements thus reducing the calculation times. 


Aside from user inputs to the program and moving the sliding 
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short, the computer performs all the setup, data gathering, 
and calculations for establishing the 0 dB return loss 
reference point. 

1. Galibration 

To ensure that the system was properly calibrated, 
measurements of a short and a matched load were performed. 
Expected return loss values of 0 dB and some maximum value 
in excess of 30 dB were expected for the short and load 
respectively. The first measurements were performed with 
the existing whisker diode detectors and yielded the return 
losses shown in Figures 6 and 7. In the measurement plots, 
the middle curve is the actual device measurement and the 
upper and lower curves bound the measurement uncertainty. 
The fixed short return loss looked good but the matched load 
return loss was a disappointing £0 dB. Subsequent system 
checks and measurements made with a calibrated attenuator 
verified that the system was working properly but the 
maximum measurable return loss was about ZO dB. 

Defective detector diodes were believed to be the 
cause of the poor system performance. A newer Schottky 
barrier diode detector was purchased from Hughes Aircraft 
Gompany (Serial no. 030). The performance of this detector 
was much improved. Figures 8 and 9 show the return loss for 


the short and matched load return losses respectively. 
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The printed tabular data can be found in Appendix CG, Tables 
“II and III. The Schottky barrier diode detector appeared to 
have a much better dynamic range. 
a. Minimum Uncertainty Computation Problem 

Graphical results from the Matched Load return 
loss (Figure 9) showed discontinuities at various points 
associated with the Minimum Uncertainty plot. A more 
detailed study shows that the sacra tine. oe occurs when the 
return lass exceeds 40 AaB. Analysis of the equations used 
to determine return loss uncertainty reveals the problem. 

In Chapter I[ Section A, the return loss worst 


case uncertainty, AI: 


ind Was given by Equation (15). This 


calculation is performed at line 4170 of the "MMWSNA" 
program. The variable cross reference between Equation (15) 


and "MMWSNA" is as follows: 


4P 3, = RSCX) 
Pin = R1I9¢X) 


0.01 €Manufacturer specification {| Ref. sip. 20a 


Equation (15) and line 4170 compute the worst case 
uncertainty, AP;, and ROCA) respectively, by using the worst 
case value of D, that being the Manufacturer’s 
Specification. When a high return loss accurs, the computed 
value of the worst case uncertainty, ROCK), can exceed the 


value of the input reflection coefficient, RIQC(X). In this 
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case the computation for the minimum uncertainty, R5S(X), 
results in the logarithm argument being negative and, 
therefore, meaningless resulting in a discontinuity 
C"MMWSNA" line 4240). 

As an example, in Table III the values of the 
variables for the matched load return loss at 66.00 GHz are 


as follows: 


P., = -40.25 dB or 9.71628 X 1079 
Son = -23.57 dB or 66.298 X 107-9 
D = 0.01 


Using these values the worst case uncertainty is: 


ar (9.71628 KX 10-%)"(66.298 XK 107%) + 0.01 


sig) 


10.00626 X 107% 


The minimum uncertainty (RS(¢X)) = #0 log;9(?;,-4P ) = 


in 
0 log; 9f-289.98 xX 10-%) which is, of course, meaningless. 
To bypass this problem a default value of 140 dB was given 
to RS(X) for these cases ("MMWSNA" Lines 4240 and 4250). 

The interpretation of this result is that there is a minimum 
value of uncertainty but it cannot be evaluated using the 
Worst case coupler directivity. The value of the 
directivity for the coupler at that frequency would have to 


be known. For return losses of this magnitude, however, tn: 


parameter of greatest interest is normally the maximum 
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Figure 10. Calibrated Return Loss Setup. 


return loss uncertainty and not knowing the minimum 
uncertainty 1s usually inconsequential. 


Se Return Loss Accuracy 





To gather data concerning the accuracy of the system 
for return losses throughout the dynamic range, a DUT 
consisting of a calibrated attenuator with a short at the 
output was used. The attenuator was a Hughes 4572xH series 
Millimeter-Wave Direct Reading Attenuator which has a 
specified accuracy of 0.1 dB or 0.8 percent, whichever is 
€reater [Ref g:pp. G4-35]. The setup is illustrated in 
Figure 10. The RF signal is attenuated twice; once as it 
passes through the attenuator to the short and again by an 
equal amount (the attenuator is a reciprocal device) as it 
returns from the short through the attenuator and into the 
A-coupler where it is detected. The return loss should be 
twice the attenuator setting. The return loss using the 


whisker diode for attenuator settings of 5 dB, 10 dB, and 
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ig.5 dB are illustrated in Figures 11, 1%, and 13 
respectively. 

The Schottky detector return losses for attenuator 
Semtanes cf 5 dB, 10 GdByeiS dB and 18 dB are shown in 
Figures 14, 15, 16 and 17. Printed outputs can be found in 
Appendix C, Tables IV, V, VI and VII. From this data the 
Schottky detector appears to have a much better dynamic 
range although in both cases the Return Loss did not stay 
Within the specified accuracy of the attenuator. 

o. Dynamic Range 

To show the improved performance of the Schottky 
Semoae, Values of return loss for 65 GHz, 75 GHe and 85 GHz 
were obtained and plotted to determine and compare dynamic 
ranges. The results are shown in Figure 18. itm S. not 
ewer icult to SEE from these graphs the superior performance 
of the Schottky barrier dicde detector. Moreover the 
dynamic range for the Schottky diode is about 35-40 dB which 
1s easily as good as that of commercially available systems. 
a. Diode Detector Gomparison 
The reason for the superior performance of the 
Schottky diode detector is not immediately evident. An 
analysis of the output voltage was conducted and some clues 
as to the reason were revealed. 
In a series of Separate measurements, an 
oscilliscope was connected to two different whisker diode 


detector outputs and the Schottky barrier diode detector 
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output. Readings on the waveform peak-to-peak voltage and 
the DC level were taken at 60 GHz, 75 GHz and 90 GHz. The 
results are contained in Table VIII. Additionally, graphs 


of the RMS output voltage vs. input power are illustrateduim 


BP eure Lo, 
TABLE VIII 
DIODE DETECTOR VOLTAGE LEVELS 
1 |. | Peak-to-Peak Voltagel!l DC Level 1 
| Diode | ~---------~--~--------- | }-------------------- | 
| Detector 160 GHz!l75 GHz!I90 GHz!!160 GHz!I75 GHz!l390 GHz! 
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The peak-to-peak voltage of the waveforms did not vary a 
Ereat deal but the DG level was substantially higher for the 
Schottky barrier diode. As a result, the output voltages 
for the Schottky diode detector in Figure 13 were 
consistantly higher across the band. This may be one reason 
the Schottky detector had a greater dynamic range. 

4. Comparisons With Previous Theses Results 

This improved system could only be considered as 

viable if devices which were measured in previous theses as 
well as devices offered by manufacturers were measured by 
the new system and the results compared. In previous Naval 


Postgraduate School theses a number of devices were tested 
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for return loss to determime the performamecwet et memo 
system (Refs. 1,4). The same devices were tested with the 
new system and the graphical results compared. 
a. Fixed Short From 60-70 GHz and 70-80 GHz 
In Figures <0 and &@l a comparison of fixed short 
return losses from 60-70 GHz and 70-80 GHz respectively are 
shown. Aside from a pattern difference caused by a phase 
difference between the two SPAGUSOEES, the average value 
and variation of both the measurement (center line) and the 
uncertainties Couter line?) are virtually the same. Both 
Systems appear to perform equally for this device. 
b. Tunable Load from 70-80 GHz 
The return losses for a tunable load at mid-band 
are compared in Figure 6. Although the original thesis did 
not specify the setting of the load [Ref. i:pp. 37-38), the 
tunable load for the improved system was a Hughes 45665 
Tunable Load set at &%.00 (maximum setting was 5.00). Hughes 
specification for the tunable load VSWR is 1.05:! nomina llae 
oF QB of return 1666. 1 Rel . 625. sole. 
c. Detector Mount from 70-80 GHz 
A comparison of the return loss for a detector 
mount from 70-80 GHz is contained in Figure #3. The 
previous test (Figure £3a) indicates an increase of return 
loss at about 75.5 GHz while the recent test (Figure R3b) 
indicates a relatively flat response from 70-80 GHz. One 


would hope that a detector mount would offer a uniform 
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response to an input-.especially at mid-band. This detector, 
the Hughes 473ZxH series, did not have a specified VSWR but 
flatness was specified as +1.5 dB max [Fef. @:p. 90). The 
comparison in Figure 23 is not conclusive but the improved 
system is showing a response which seems to be more 
reasonable for this type of device. 
5S. Gomparison With Manufactured Device 

The final comparison of Bearn loss was made using a 
Baytron Horn Antenna (Part No. 7VE-67/25). The rated return 
loss for this antenna 18 advertised at 1.% VSWR or «0.7 QE 
(Ref. S:p. 14). Figure 24 shows the return loss for the 
antenna at mid-band, 70-80 GHz. The return loss is well 
above the 20.7 dB rating Which indicates that both the 
antenna and the Millimeter-Wave Scalar Network Analyzer work 


as advertised. 


B. INSERTION LOSS MEASUREMENTS 

The insertion loss measurements made with the 
Millimeter-Wave Scalar Network Analyzer followed much the 
Same pattern as the return loss measurements. This section 
first discusses the calibration of the system for insertion 
loss. The results using the calibrated variable attenuator 
to determine the accuracy and range af the insertion losses 
are then discussed with graphical and tabular results given. 
A comparison of performance between the whisker and Schottky 


diodes is also given. The section finishes up with a 
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Pioure: 24... 


comparison of several devices which were tested in previous 
theses. Only graphical results are given for these 
comparisons. 
| ren 7-2 OPS) f- Gee)! 

As discussed in the Background Information, the 
System must be calibrated with no DUT to determine a 
baseline for measurements. First, the return loss 
calibration is performed to DE essa ine [Sssi. Next, the 
System must be calibrated with the B-coupler installed. 
Referring to Figure 4, if the A-coupler is used, then the A 
and B couplers are placed together to form a through section 
of zero length. If the A-coupler is removed, then the 
B-coupler is placed directly on the isolator at the output 
of the R-coupler for this measurement. Once this is 
performed, DUT measurement can begin. 

®. Insertion Loss Accuracy 

The whisker diode detectors were used first to allow 
the A-coupler to remain installed for the measurement as 
illustrated in Figure 2b. Insertion losses for 0 AB, 10 dB, 
£0 daB and £5 dB settings on a variable attenuator are shown 
in Figures £5, £6, £7 and #8 respectively. Once again the 
maximum measured insertion loss was only about 40 dB. 

As with the return loss, the whisker diode detectors 
were thought to be the problem with the range. Only one 
Schottky diode was available and replacement of either the A 


detector or the B detector did not improve the performance 
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of the system. The solution, therefore, consisveaue. 
replacing the B detector and performing the insertion loss 
measurements without the A-coupler in the system. 

Using this method insertion loss measurments for 
Odb, 10 aB, £0 AaB, 30 AB, 40 AB and 45 AaB were performed 
With the Schottky diode detector and the results given in 
Figures £9, 30, Si, Se, 33 and 34 respectively. Tabular 
results are found in Appendix C, Tables IX, K, XI, XII, 
XIII, and XIV. Once again the superior performance of the 
Schottky diode detector substantially increased the dynamic 
range although the accuracy did not seem as good. Figures 
oo and 34 show a noise floor of about 40 AB which is double 
that of the whisker diode detector. 

A phenomenon which appeared in the insertion loss 
measurements with the Schottky diode detector was a jump in 
insertion loss at the band-switch frequencies, 70 GHz and &0 
GHz. At the bhand-switch frequencies the Sweep Oscillator 
Millimeter-Wave Plug-in commands the Full Band Sweep Source 
to select the next band rf source (See Figure 4). The 
Schottky diode detector would seem the likely candidate as 
the source of this discontinuity Since the other detecrens 
Gid not have this problem. Aside from the higher DC level 
of its output, however, the Schottky detector exhibits a 


square-law behavior with no indication that 1t changes 
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markedly at the band-switch points. it wseunelear, 
therefore, what is causing the jumps in insertion loss at 
these points. 
o. Dynamic Range 

A graphical comparison of the dynamic range between 
the whisker diode detectors and the Schottky diode detectors 
is given in Figure 35. The performance of the Schottky 
diode detector is clearly Beebe han that of the whisker 
diode and the system performance 1S comparible with that 
advertised by Hughes Aircraft Gompany [Ref. &:pp. 64-#5). 

4. Gomparison With Previous Theses Results 

Previous theses measured a variety of devices and 
comparison of the old and improved systems provided 
excellent results. The first set of comparisons are from a 
thesis by George S. Leoussis, LT, Greek Navy [Ref. 1i:pp. 
o7-38, 47-51). It should be noted that the manufacturer of 
the devices measured by Leoussis were not specifically 
identified. 

a. 10 daB Attenuator from 70 to 80 GHz 

The comparison af insertion loss measurement for 

the old and improved systems are illustrated in Figure 36. 
Gonsidering the expanded scale for the improved system 
measurement, the two measurements agree very well. 1 as 
interesting to note that in neither case was the measurement 
within the £0.11 dB tolerance given by the manufacurer for 


the calibrated variable attenuator [Ref. Z:p. 35:1. 
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b. £0 AB Attenuator from 7O0toeecer. 

From Figure 37 one can see that the two systems 
are in close agreement again. Although the improved system 
appears to be a little closer to the set attenuation, once 
again neither measurement falls within the tolerance. 

c. 30 dB Attenuator from 70 to 80 GHz 

Gomparison of the two systems remains consistant 
in Figure 38. The improved Sr eyaa appears closer to the 
attenuator tolerance but is still outside the range. 

ad. 40 dB Attenuator from 70 to 80 GHz 

In Figure 39a the old system has encountered the 
maximum limit of its dynamic range at about 36 dB while the 
improved system is hovering around the set attenuation of 40 
QB. The size of the excursions in Figure 39b indicate that 
the system was approaching its limit but there is no doubt 
that the improved system has a better performance at this 
level. 

e, 10 dB Directional Goupler from 70 te SGmin2 

The correlation between the two systems in 
Figure 40 appears very close indicating that the two systems 
obtained the same insertion loss for this device. 

The next set of comparisons is from a thesis by Elia 
Demetrios Gatsos, LT, Greek Navy [Ref. 4:pp. 34, 53-60). 
f. Throwégh Section trem GUN te SU Glue 
It was unclear from the thesis by Gatsos what 


the through section consisted of. From Figure 41a it would 
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appear that the through section was of zero length since the 
insertion loss was approximately 0 aB. For the improved 
system, a 6 inch through section was used. The typical loss 
of E-band waveguide is about 1 aB/sft. As one can see from 
Figure 4lb, the insertion loss measurement hovers around 0.5 
aB, the expected value of the insertion loss. 

g. Baytron Variable Attenuator from 60 to SO GHae 

The full band conpanice of the Baytron 3E-3 

Variable Attenuator set at 10 AB can be seen in Figure 4&. 
Despite the rather poor performance of the attenuator, the 
range of insertion loss values from 60 to 90 GHz between the 
two systems agree very well. The attenuator is calibrated 
for a correct reading at 75 GHz. Both systems came very 
close to this reading although the improved system appeared 


closer and the uncertainty range was much tighter. 


GC. PLOTTER PERFORMANCE 

One of the major improvements to the Millimeter-Wave 
Scalar Network Analyzer system was the ability to produce a 
graphical output on the HP-9872% Plotter. In the previous 
comparisons the old outputs were produced from the HF-38455 
Computer internal thermal printer while the new outputs were 
produced on the HP-9872C Plotter. The platter outputs are 
significantly clearer with excellent resolution and 
contrast. By using the plotter the user can also vary the 


size of the output and use different colored pens to enhance 
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the graphical output. Neither of these features were 
avallable with the internal thermal printer. Some 
programming knowledge would be necessary to change the 


existing parameters in the "“MMWSNA" program. 
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IV. GONCLUSIONS AND RECOMMENDATIONS 





A. CONCLUSIONS 

The Improved Millimeter-Wave Scalar Network Analyzer 
exhibits better overall performance than its predecessor. 
The addition of the Schottky barrier diode detector and the 
HP-8756A Scalar Network Analyzer provides a dynamic range 
which rivals industry standards... Software modification and 
computer control of the HP-8350B Sweeper Controller and the 
HP-8756A Scalar Network Analyzer has reduced user interface 
and speeded up the measurement wrocess. By providing all af 
the previous output capabilities as well as the HF-9874C 
Plotter output, the system is able to give the user a 
maximum amount of clear data for analysis. The system is 
composed of off-the-shelf components so anyone desiring such 


a System is able to obtain the necessary equipment. 


B. RECOMMENDATIONS 

Despite this system’s improved performance over any 
previous system, some system improvements can still be made 
and some anomalies looked into. 

1. Schottky Barrier Diode Detectors 

The performance of this diode detector is excellent 

and it 1s recommended that the A, B and R couplers be fitted 
With these detectors. This will ensure peak performance and 


maximum user friendliness for insertion loss measurements. 
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©. Measurement accuracy 
Both the return loss and insertion loss measurement 
accuracies were 1-6 dB above the maximum rated tolerance of 
the calibrated variable attenuator which was used. Some of 
the device measurements, however were exactly where one 
would expect them to be (Baytron Attenuator and the Through 
SCL 1on d. It 1s not obvious where the source of this 
anomaly is and further ages ee eS 1S) In OrGe xr. 
3. Band Switch Jumps 
In the insertion loss measurements, significant 
Jumps in aB level occur at the band switch frequencies of 70 
and 80 GHz. It 1s unclear why these discontinuities occur 
and further investigation into the problem and its solution 
should be pursued. 
4. Maximum Uncertainty Galculation 
AS Was discussed in Ghapter III, the maximum 
uncertainty of high return loss devices sometimes becomes 
uncalculable because the computation only takes into 
consideration the worst case coupler directivity. The plot 
may be more meaningful if the actual coupler directivity 
could be determined for each of the test frequencies and 
this value entered into the maximum uncertainty calculation. 
Another approach might be to investigate an equivalent 
expression for computing the uncertainty which would prevent 


forbidden function arguments from occurring. 
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5S. Plotter Parameters 

Currently wGnhe Gmly plotter in the srogram is the 
HP-9872 eenioon The parameters as to graph size and pen 
number has been entered into the computer code and can only 
be changed by altering the code. The program could be 
enhanced by prompting the user with a number of possible 
plotter selections as well as providing the user with the 
ability to determine the graph ee and orientation and 
allowing the user to select which pen is to he used for the 


grid, labels, measurement plot, uncertainty plots, etc. 
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USER 5S GUIee 


A. SYSTEM GONNECTIONS 


L 


HF-IB should connect the HP-9845B Gomputer, HP-39&7Z2C 
Flotter and HF-8756A Scalar Network Analyzer. 

The system bus should connect the HP-8756A Scalar 
Network Analyzer and the HP-8350B Sweeper 
Bontreoliiter. 

Ensure that the Hughes Millimeter-Wave Plug-In is 
properly seated in the HP-8350B adapter and the ROM 
modification installed, and that the unit is seated 
in the Sweeper Gontroller. Make Reflectometer 


connections to the front Go! the wr ivcoiun. 


Ban. Si oc Bie Ss tans Ur 


Once all connections are made turn on the units. 


Default selections will be initiated on the Sweeper 


Gontroller and the Scalar Network Analyzer. These values 


need not be changed as the program will take care of this 


later. 


Ge. SYSTEM PMI TALI ZATION 


1s 


Ke 


Oe 


Load the program from either disk or tape. 
Fress RUN. 
The computer will display the soft key menu for 


output and the operator has the following options: 
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Using the key number six (K6), the operator can 
read previously obtained and stored data from 
the disk or tape. By pressing K6 the computer 
asks the operator if he wants data from the Disk 
(D) or Tape (GC) and he can select either one and 
press CONT. Wrong choices will result ina 
continued prompt for an acceptable choice. The 
computer will then prompt for the name of the 
data file. Enter the name and press CONT. The 
computer reads the data from the file and then 
returns to the soft key menu. The operator may 
now either DISPLAY (KZ) or PRINT (K3) the data. 
Using the key KO, SELECT TYPE OF MEASUREMENT, 
the operator can select any particular 
measurement he wants by pressing: 

Ki Insertion Loss 

Ke Return Loss 

Poe SO Un, 

Once the selection of measurement is made the 
operator then enters the "DATA ENTRY" routine. 
The computer will ask the following: 

(1) START frequency (GHz) 

(f#) STOP frequency (GHz) 

A WARNING may come up at this point which is 


addressed in Ghapter II, Section 4. The program 
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will allow the operator to reentere nemo. 2.7 

STOP frequencies or the operator may continue. 

(3) A menu of the number of data points desired 
for the measurement is then presented and 
the operator enters the appropriate letter. 
The number of data points may not be 


changed without RESTARTING the program. 


At this point the system is initialized and the program 


foes to the measurement subroutine selected. 


D. RETURN LOSS MEASUREMENTS 


1 8 


The calibration routine 1S executedes ies tee 
Operator is prompted to connect the adjustable short 
and press GCONT. Refer to Figure #a for the 
connection with the sliding short as the DUT. As 
the program is executed the operator is prompted to 
move the sliding short to {0 different yosit loner 

It is recommended that the operator move the sliding 
short from its minimum position to its maximum 
position in 10 equal steps ensuring that the length 
of travel exceeds &.5 mm to allow proper computation 
of the maximum and minimum calibration averages. 

The program now executes the Device measurement 
subroutine, the operator connects the DUT and labels 


it (up tG 52 ¢€haraevers - 
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oe 


Once the measurement is made the soft key main menu 


comes up and the operator may now select an 


appropriate output (See OUTPUT section). 


INSERTION LOSS MEASUREMENTS 


i 


The operator is first asked if the A-coupler will he 
removed during the Insertion Loss calibration or 
measurement which he must answer "Y" for yes or “N" 
for ne. 

The program first executes the Return Loss 
Calibration if it has not done so already (Refer to 
Section 817" 

The program will ask the operator to connect the 
B-coupler and the reflection coefficient of the 
B-coupler will be measured, !I1P, 1. 

The software will ask the operator to connect the 


_ — 


BULL "ama its iInputererlection coefficient will be 


measured co 


followed by the output reflection 
coefficient measurement (S5,DUT) , In both cases the 
maximum reflection coefficient will be evaluated 
using the value of [Ss5! from the calibration data. 
Based on whether or not the A-coupler is present, 


the program will now compute the value of I[.!. The 


s 
program then executes the Insertion Loss Galibration 


Average subroutine and the value of the calibration 
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average (Through) is measured. No operator input is 


needea for this stenu. 

6. The Revie under fone is now inserted and the 
1S, _0UT| is measured followed by the measurement of 
the 155,94T; which is in fact the Device 
Measurement. 

7. The operator will now label the device and upon 


pressing CONT the program will return to the soft 


key main menu for output selection. 


Fo, -°*GUTEUT 
1. The following options are available from the soft 

key menu for the output: 

a. Ki PLOT DATA. The computer executes 
successively the subroutines Initialize 
GCompute scale, Label scale, Label frequency, 
Label device, Label ose Plot data. Ag 
this point the operator may choose to output 
the graph to the internal thermal printer 
(Press "P"), to the HP-S87e Plotter satire 
placing paper in the "landscape" position 
and pressing "Q") or returning to the sou 
key menu by pressing CONT. 


b. Ke DISPLAY DATA. The computer executes the 


display data subroutine. Eleven lines are 
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KS 


K 


KS 


displayed each time the operator presses the 
CONT key. 

PRINT DATA. The computer executes the print 
data subroutine, data are printed and the 
program resumes the soft key main menu. 
PRINT INTERMEDIATE VALUES - INSERTION. The 
operator has two options: 

Clip =SBISPLAY DATA CK7, GONT) 

(2) PRINT DATA (K7, Y, GONT) 

Note that since these values are the same 
and independent of the DUT one copy of them 
is needed. The values which are presented 
are: 

C1) 189,100T 

(ZB) 18S4,_1)PUT 

(3) 18,,105T ay 


(4) 1So,1PUT Ay 


C5) yh) 
(6) Pip ae 
(7) Avge. = Insertion loss Galibration 


Average (Through). 
PRINT INTERMEDIATE VALUES - RETURN LOSS. 
The operator has two options: 
C1) DISPLAY DATA (KS, CONT) 
Ce.) PRINT DATAwmGKS, Y, CONT) 
Note that since these values are the same 
and independent of the DUT one copy of them 
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K5 


K4 


is needed. The values which are presented 
are: 
C1) RkiCX) = Maximum Galibration Average 


CZ) ReECK) = Minimum Galibration Average 


(3) ROCA) Galibration Average 


C4) R6CK) 


Ses of Calibration Data. 
STORE DATA TO A DISK OR CASSETTE. The 
program executes the disk storage 
subroutine. The operator has two options: 
C1) Store data into a disk’ (K5, BD, CONT 
FILE NAME, GONT), here mass storage is 
aE 
(CZ) Store data into a cassette (K5 (eG. 
CONT, FILE NAME, CONT), mass storage 1s 
"sTn Cdefaultvers tis. 
Disk storage is preferred since access time 
is less on disk. The operator can use upiige 
$1ix (6) characters to name the file and care 
must be taken here to avoid duplicate file 
names. Regardless of the file name, the 
original DUT label will remain the same. 
After data storage the program returns to 
the soft key main menu. 
NEXT MEASUREMENT. The program executes the 
Device measurement subroutine. The same 
calibration data will be used for any DUT at 
the same frequency range. The operator 
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KS 


Should insert the new DUT and then press the 
GONT key. The Return Loss and/or Insertion 
Loss subroutines will he followed minus the 
Galtbreation portions (Dil and” Ee,3). 

RESTART. The program resumes the TYPE OF 
MEASUREMENT menu for a completely new 
measurement beginning at C3b of the Users 


Guide. 


S)5: 


APPENDIX 5B 


PROGRAN LISTING AND VARIABLES 


A. EROGRAM GIStiNnG 

The program used for the improved Millimeter-Wave Scalar 
Network Analyzer is "MMWSNA". This program 1s available on 
Hewlett Packard 8-!/7e" single sided floppy disk orvoneds 


tape and a listing 1s provided at the end of this Appendix. 


BK. LIST OF VARIABLES 
The variables used for the "MMWSNA" program along with 


their definition are as follows: 


fi - Start frequency (GHz) 

Ad - HP-8756A Scalar Network Analyzer address 

AS - Temporary string variable 

B - Stop trequency (GHz) 

BS - Data storage device type 7 “a 

G - Band sweep time (msec) 

DCR) - Data points for loss Gomputavion 

D1i¢xX) - Temporary variable for low-band data 
points 

DeC XK) - Temporary variable for mid-band data 
points 

D3CX) - Temporary variable for high-band data 
points 

DiO¢cx,Y) - Return loss calibration data points 

B - Data point frequency for printout 

Ra - Mid-band measurement flag 
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Fe 


1s) 


FS 


ey 


1; 


M4 


iS 


M6 


7 


MS 


M9 


Ni 


NS 


PO 


ise 


High-band measurement flag 
Frequency START/STOP warning flag 
Data file name 

Insertion Loss Galibration Flag 
Return Loss Calibration Flag 

Loop variable 

Temporary string variable 

Loop variable | 


Maximum calibration average in aB for 
printour 


Minimum calibration average in dE for 
Princeuet 


Total plot range (dB) 
Maximum plot value (dB) 
Intermediate plot markings 


Linear Average of the Maximum and Minimum 
Loss (dB) 


Temporary variable for computing maximum 
value of plotting scale 


Maximum Loss (dB) 

Minimum Loss (dB) 

Mode (1i=Insertion, f=Return, 3=Both) 
Plotting flag for Insertion Loss 
Label for DUT 


Step counter based on number of data 
points 


HP-9S87% Plotter address 


Maximum value for plotting loop 
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PS 


ROX) 


Ri¢cxX) 


R&ZCK) 


ROCK) 


R4¢0X) 


Ron 2) 


RGOCX) 


RV7CX) 


R&CX) 


R3CX) 


RPOC AD 


R1icx) 


Rigcx) 


Riscx) 


R14¢X) 


Risin) 


Sear @.@) 


Rin 


R1i8¢xX) 


RISCA) 
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Sy! 


Label for type of loss 


Linear average of the calibration maximum 
and minimum 


Maximum calibration average 
Minimum calibration average 
Uncertainty of Return Loss 
Maximum value of Return Loss 
Minimum value of Return Loss 

Seo of calibration data 
Uncertainty of s_,0UT measurement 
Uncertainty of So, DUT measurement 


DUT inputrret leet ion weecetmiiciens: 


DUT 
212 


G5, DUT and Insertion Loss 


Maximum value of Insertion Loss 


Insertion Loss Galibration Average 
Minimum value af Insertion Loss 
Maximum value of s,,eur 

Maximum value of S5,0UT 

Return Loss 

HF-8350B Sweeper Gontroller address 
Band start frequency 

Band stop frequency 


Loop variable 


10¢ 


Loop variahblé 
Loop variable 
Loop variable 
Data point index counter 


aes INmee ator printout 
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149 
158 
160 
176 
18 
196 
208 
218 
220 
230 
240 
258 
266 
270 
286 
298 
306 
318 
326 
330 
346 
358 
368 
378 
38¢ 
398 
430 
410 
420 
430 
440 
4590 
460 
470 
48¢ 
496 
380 
316 
328 
338 
548 
35@ 
568 
378 
580 
278 
608 
618 
620 
630 
640 
658 
660 


PROGRAM LISTING 


FEEL EEEE EEE ELSE MMWS NA KEELE FE EE EERE EE EERE EEE SE 


This program was developed by David E. Falkmer, LT, USN. 
It 18 a modification of the "AEK" PROGRAM developed by 
ELIA GATSOS “LT> HELLENTE NAVY 
The features of this PROGRAM are ;: 
RETURN and/or INSERTION LOSS MEASUREMENTS, 
COMPUTATION of RETURN and INSERTION LOSS UNCERTAINTIES, 
DISPLAY , PRINT , STORE , READ of all parameters involved, 
PLOTTING of results on either the HP-9845 thermal printer 
or tme@fHP=S8r2 plotter. 
This set up uses: 
Ca, HP-8356B SWEEP OSCILLATOR With HUGHES 60-90 GHz Plug-in, 
(b> HP-3756A SCALAR NETWORK ANALYZER, 
CcO2HP=SSS5B COMPUTER, 
Cd2HP=3872C PLOTTER. 


EREEESEEESEEEEE MAIN PROGRAM ELE SEEEEEEE LEE E EEE EE HE 


GOTO 348 
GOSUB 720 ! INITIALIZE 
GOSUB 910 ! PLUG-IN 
GOSUB $90 ! START/STOP 
H1=@ 
IF N<>1 THEN GOSUB 1810! RETURN LOSS CALIBRATION 
IF N<>1 THEN GOSUB 3970! MEASURE RETURN LOSS 
IF N<>2 THEN GOSUB 22560! INSERT LON (UUSSs MEASUREMENTS 
IF N=1 THEN GOSUB 4820 
{ 
' Soft-key menu for output 
i 
BEEF 
DISP 
GCLEAR 
PRINT PAGE 
PRINT. LINC16>, CHRSC 13193 “SELECT FUNCTION. ~,CHRs< ies 
PRINT 
PRINT 
PRINT "kO@iSelect type of Measurement CINSERTION, REFLECTION, BOTH>" 
PRINT 
PRINT "kK1ISPLOT data k2sDISPLAY data kSSPRINT data k4:NEX! eas KS: RESTOR 
PRINT 
PRINT "kS:STORE data to DISK or TAPE k&6:READ data from DISK or TAPE * 
PRINT 
PRINT "K7: Display intermediate values for INSERTION ” 
PRINT 
PRINT “k9s Display intermediate values for REFLEC TICON 
PRINT 
ON KEY #8 GOTO 236 
ON KEY #1 GOTO 43686 
ON KEY #2 GOTO 585@ 
ON KEY #3 GOTO 6198 i 
ON KEY #4 GOTO 288 
ON KEY #5 GOTO 7626 
ON KEY #6 GOTO 7858 
ON KEY #7 GOTO 8640 
ON KEY #8 GOTO 628 
ON KEY #9 GOTO 85128 
GOTO 6180 
OFF KEY #4 
OFF KEY #8 
GOTO 230 
1 


104 


67B ! 
68a ! 
696 |! 
7068 ! 
rig | 

720 OPTION BASE 1 

736 COM $$(€32],P$C24],SHORT 3B¢4G15,N$C032] 

740 SHORT R6491)5,R1649815,R2649915,R36494015,R46401)9,R564G1),REC4B1),REC4B19, ROC4HGLd 
75@ SHORT R9¢401),R19¢64919,R116491)9,R126481)5,R136481),RI464B1>, RIS64G15,P16¢4815 
766 SHORT R17¢64015,R18¢64815,R19¢401> 

776 SET TIMEOUT 735006 

788 ABORTIO 7 

7396 CLEAR 7 

8a@ LOCAL 7 

81@ REMOTE 7 

826 $@=717 !8350B SWEEPER select 

830 AB=716 !8756A NETWORK ANALYZER select 

840 P@=705 !9872C PLOTTER select 

850 PRINTER IS 16 

868 H=6 

876 RETURN 

sso ! 

890 ! <PLUG-IN BAND LIMITS> 

900 ! 

91@ RESTORE 946 

926 READ L 

930 READ U 

946 DATA 66,98 

95@ RETURN 

960 ! 

976 =! <BDATA ENTRY> 

986 ! 

996 PRINT PAGE 

1606 PRINT LINC10),CHRSCI31>5" SELECT MEASUREMENT :"SCHRSC128> 

1619 DISP “ki: Insertion loss k2: Return loss Kon SOoth , 

10626 FH 

1836 ON KEY #1 GOTO 1676 

1646 ON KEY #2 GOTO 18906 

18050 ON KEY #3 GOTO 1118 — 

1866 GOTO 1868 


SUBROUTINES 


LHR TARE LZE 


1678 N=1 

18988 GOTO 1126 

18696 N=2 

1166 GOTO 1126 

1110 N=3 

1126 FS=6 

1136 PRINT PAGE 

piece rein: LIH<1O0>, CHRSC13195° DATA ENTRY: “;CHRS<i2es> 

115@ PRINT "All frequencies are entered in GHz.Both channels of 83756 same sensi 
ts" 


1166 DISP “START Frequeney CGHz> "5; 
1176 INPUT A 

1186 IF ¢A<=U> AND CA>=L> THEN GOTO 12186 

11946 BEEP 

1266 GOTO 1166 

12160 DISP "STOP Frequency (GHz>"; 

i226 INPUT B 

122360 IF ¢B<=U> AND ¢CB>=L> THEN GOTO 12686 

1246 BEEP 

f258 GOTO 1219 

1266 IF A<B THEN GOTO 1296 

hero.) SEEP . 

1286 GOTO 1126 

1296 IF FS=1 THEN GOTO 1456 

1300 IF ¢FS=4> AND (CA<>66> AND (AK >78> AND CAS>305> THEN GOTO 139 
1316 IF ¢CFS=8> AND (¢CB<>7@> AND ¢CB<>88) AND ©B<>98>> THEN GOTO 13368 


(01s: 


1320 
1338 
1349 
1359 
1360 


1379 
1388 
1398 
1408 
aes 
1418 
1420 
1438 
1448 
1452 
1468 
1478 
OINTS: 
1489 
1498 
1580 
1510 
1528 
1530 
1548 
1558 
1568 
1578 
1580 
13598 
1608 
1618 
1628 
1638 
1648 
1658 
1669 
1678 
1688 
1698 
1788 
1718 
1720 
1738 
1740 
1758 
1768 
1778 
1788 
1798 
1880 
1818 
1828 
1838 
1848 
1858 
1868 
18708 
1880 
1898 
1988 
19198 
1920 
1938 
1948 


GOTO 1458 
PRINT PAGE 


PRIWT EINCI@>, TAB C250, cChike sone 


PRINT "90 GHz may result 


PRINT “measurements should be made." 


PRINT ELN< 
DIS 


DISP "Do you want to continue with the present START/STOP frequencies CYZN 


INPUT TS 
IF Ts="y" 
FS=1 

GOTO 1132 
C=108 
PRINT PAGE 
PRINT LINC 
PRINT 
PRINT TABC 
PRINT TABC 
PRINT TAB< 
PRINT TABC 
PRINT TAB( 
PRINT TAB< 
PRINT TABC 
P= 

INPUT I$ 
1 as $ “a 
IF 1$="B" 
le i¢stc* 
IF Is="D" 
IF Is="E" 
IF Is="F" 
IF Is="G" 


ITF P<20 THEN GO 


Beer 


1@> 


THEN 


16); "SELECT LETTER CORRESPONDING TO THE DESIRED NUMBER OF SDR 


10>;" 
10>3" 
10);" 
10>;" 


a lat 
ies rs 


193" 


THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 


GOTO 1460°— 


PRINT PAGE 


GOTO 1458 


A: 18 DATA 
Boo 2o- ATR 
GC: 0@ DATA 
D: 8@ DATA 


) 
) 


—- NAO Oe A 


P 
Pp 
P 
Pp 
Pp 
Pp 
P 
e 


0 


1688 


POINTES 
POINTS ~ 
POINTS? 
POINTS? 


1@6 DATA POINTS" 
286 DATA POINTS* 
G: 480 DATA POINTS" 


PRINT LINC12), TABC15),CHRS(1313" 
"PT19" 


OUTPUT AQ; 
QUTPUT SQ; 
OUTPUT AQ; 
WAIT 42922 
OUTPUT AQ; 
OUTPUT AQ; 
OUTPUT AQ; 


RETURN 
! 


Tip 
oe) ake 


Gia 
weg s 
"RPS" 


l “RETURN LOSS CAL.> 


! 
PRINT PAGE 


SHORT D18616,401> 
PRINT LINC1@),TABC26), CHRS(131); " 


Hi=1 


DISP "Connect the adjustable short and press CONT." 


BEEP 
PRUSE 

DSP 
FOR J=1 TO 


10 


IF J=1) THEN GOTO 1958 


PRINT PAGE 


>>> WARNING <<< 
PRINT LINC2); "Measurements taken with endpoints other 
in misleading data. 


“* CHRS(l2qp 
than 69, 73, 38, or" 
In these cases separate band 


INITIALIZING...PLEASE WAIT 


RETURN LOSS CALIBRATION 


"; CHRS Claes, 


"* CHRS$C123) 


DISP "Change position of adjustable short and press CONT after BEEP." 


PAUSE 
Dich = lae 
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1959 
1960 
1978 
1980 
1990 
2000 
2010 
2020 
2030 
2049 
AIT "3 
2050 
2060 
2070 
2080 
2090 
2180 
2110 
2120 
2130 
2140 
2150 
2160 
2178 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 


DUT EUT SAMs Aes  ) eee SELECT AHZR MERSUREMNEMT «x 
GOSUB 7310 ! *#* 8358 SETUP «<< 

GOSUB 6620 ! *** READ 3756 +## 

FOR “31 TO #01 STEP P 

D19@¢J,xX.=D¢CXx) 

NEXT X 

BEEP 

HEXT J 

PRINT PAGE 

PRINT VS0INGl2), TABC10>,CHRS( 13195" COMPUTING CALIBRATION AVERAGE...PLEASE W 
CHR$(128) . 

MAT R1=¢(@) 

MAT R2=¢@8) 

1 RICK) CMaximum calibration average =SQRCVarVr)d 
1 R2CX (Minimum calibration average) =SQRCVa/Vr) 
FOR X=1 TO 4061 STEP P 

R1¢X)=D1061, xX) 

R2¢%)=D10¢1,xX) 

NEXT X 

FOR X=1 TO 401 STEP P 

FOR J=2 TO 18 

IF DI@¢J,X>>=R1CX) THEN R1ICXD=D106J,x%) 

IF DIO@<J,X<R20K) THEN R2¢6X)=D1065, xX) 

1 ROX CLinear average of the max and mind 
ROKXISCLIB*ORICKI72ZBI +10 CR26KI 7289072 

NEXT J 

NEXT X 

RETURN 

! 

I INSERTION COSS CAL. FOR $11 AND S22> 

| 

PRINT PAGE 

INPUT "Will A-coupler be removed during Insertion Loss calibration or meas 


urement CY/N)",AS$ 


2278 
2288 
2290 
2380 
2318 
N¢1) 
2320 
2338 
2340 
2358 
2368 
2378 
2388 
2398 
2400 
2418 
2428 
2438 
2448 
2458 
2468 
2478 
2480 
2498 
2580 
2518 
2520 
2530 
2548 
2550 
2560 
2578 


IF CAS="Y¥") OR CAS="N") THEN GOTO 2300 

PRINT "Select either “Y* OR “N’%* 

GOTO 2260 

IF H=1 THEN GOTO 2520 

PRINT LINCS), TABC20),CHRSC131)95;" INSERTION LOSS CALIBRATION “SCHRSC12855LI 


PRINT 

IF H1=1 THEN GOTO 2358 

GOSUB 18598 

PRINT PAGE 

PRINT “GAMMA-L“% computation " 
PRINT “nnn nnn ener rere --- : 
Priiieswiv~e. Conmect the B coupler to the TesterPort and press CONT.” 
BEEP 

PRUSE 

toe «2..taking data. © 

GOSUB 7310 ! +x#* SETUP 8350 +*#*+# 
GOSUB 6620 ! ##%# Read 8756 *x*#+ 
FOR X=1 TO 401 STEP P 

! R13¢X%)=GAMMARL ” 
RIZCKAI=HALO*C DC KI 728d/RCX) 

NEXT xX 

IF AS="N" THEN GOTO 3830 

i 

| <INSERTION LOSS S11 AND S22 MEASUREMENT > 
i 

PRINT PAGE 

DIsSP 

MS=—-9.99999999999E99 

pleats) aisle hele Bekele): ie lle) hol) 

PRINT "S11-DUT|Max computation " 
PRINT "“s-3- ene en nn nnn ene nn L 
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2530 
25990 
2600 
2618 
2620 
2630 
2648 
2650 
2668 
2678 
2680 
2698 
2788 
Par dae WU) 
2720 
2730 
2748 
27598 
2768 
2778 
2788 
2798 
2860 
2810 
2828 
2836 
2848 
2850 
2868 
2870 
2880 
2898 
2988 
2919 
2920 
2930 
2949 
2958 
2968 
2970 
2980 
2998 
3088 
3819 
3820 
3830 
3848 
385@ 
3068 
3078 
3988 
3098 
3180 
3118 
3120 
3138 
3148 
3158 
3168 
3178 
3180 
3196 
3288 
3218 
3220 


ge0 


PRINT “A/R,Connect the device under test in the forward direction 
PRINT " and press CONT " 

BEEP 

PAUSE 

DISP “sn... takting deta 

GOSUB 7310 ! *## SETUP 8350 +++ 

OUTPUT AG; "AR" 

GOSUB 6620 ! ### Read 8756 +++ 

FOR X=1 TO 401 STEP P 

' R6=(S22 of calibration datad 

' R9Y=CReflection coefficient) 

1 R7CKI=CUncertainty of the measurement ) 

1 R1I?¢CKI=SCMax value of SiL1-DUT)D 
RE6=ABSCLO“CR1ICKI7202-10*(R26K97209 D7 C1 0*CR1 0K) 7209410°¢CR2E6K)726)) 
RIF1A*CDCKI72897RC XK) ; , 

R7CKIBERI#RI*#RGE+. D1 

RI7CKIFR7ZCKI+RI 


NEXT X 

IF AS="N" THEN GOTO 3588 

PRINT PAGE 

DTS 

PRINT "S22-DUT|Max computation " 
PRINT "~----------------------- " 


PRINT "AZR,Connect the device under test in the reverse direction 
PRINT “and press CONT" 

BEEP 

PAUSE 

DISP “s.0.takindg gata.” 

GOSUB 7310 ! #*##* SETUP $8350 #+#+# 

OUTPUT AG; "AR" 

GOSUB 6620 ! *#** READ 8756 +¢+## 

FOR X=1 TO 401 STEP P 

' R6=(S22 of calibration datad 

' RO=CReflection coefficient) 

1 R8CKI=HCUncertainty of measurements? 

1 RIS¢CKI=C(Max value of S$22-DUT> 
R6=ABSCLIG*CR1ICKIZZOIHLO*CRACKIZ2SBIIZ CLAS CRI CKI7209+10*%0R26K9728)) 
R9=10*CD¢CKI720d97RCX) 

R8CXI=RI#RI#RGE+. G1 

R1I8SCX=RECKIFERI 

NEXT X 

IF AS="N" THEN GOTO 3338 

\ 

| <INSERTION LOSS CAL. FOR S12 AND S21> 

! 

PRINT PAGE 

IF AS="Y" THEN GOTO 3088 

PRINT "GAMMA-S% computation and INSERTION LOSS CALIBRATION " 
PRINT “erm rrr ttt rr rr rrr rrr rrsrsrsccc- M 
IF AS="N" THEN GOTO 3168 

PRINT "“GAMMA-S’% computation and INSERTION LOSS CALIBRATION " 
PRINT "“---------------------------------------------------- 


PRINT "Change A’R to B/R THEN Remove A-coupler, Insert the B coupler and" 


IF H=1 THEN GOTO 3378 

PRINT “press CONT" 

H=1 

BEEP 

PAUSE 

DISsP "....tarciung data.” 

GOSUB 7310 ! *#* SETUP 8350 ++ 

OUTPUT AG;"BR” 

GOSUB 6620 ! *#* READ 8756 *«*+* 

FOR X=1 TO 461 STEP P 

' R14¢K)=CGAMMA-S’=.2 1f A-coupler is removed) 
IF AS="Y¥" THEN R14¢6K)2.2 
R6=HBS(10*¢(R1¢0K)720)-10*(R20K2 7299976 16*(R1TC Kd 7 260 +16" 2 oe 
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3240 ! R14¢CK)=C(GAMMA-3’=S22¢from calibration datay+.65 1f A-coupler is ind 
3250 IF AS="N" THEN R14¢X)=R6+.55 

3260 ! R1IS¢K)=CInsertion Loss Calibration Averaged 
3276 R1S5¢K=10*°¢(DCXKI 728) 

3280 NEXT X 

3290 IF AS="N" THEN GOTO 2528 

3396 =! 

3316 ! <INSERTION LOSS $12 AND S21 MEARSUREMENT> 
sogeu. | 

3330 PRINT PAGE 

3340 PRINT "S12-DUT computation " 

3350 PRINT “errr rrr rrr r rrr esrre- " 

3360 IF AS="N" THEN GOTO 3418 

3370 PRINT “Connect the device under test Cin the reverse direction” 
33380 PRINT “ and press CONT" ' , 
3396 BEEP 

3400 PAUSE 

3416 DISP “....taking data.” 

3420 GOSUB 7310 ! *#** SETUP 8350 #<«* 

3430 OUTPUT AG;"BR" 

3448 GOSUB 6638 ! *** READ 8756 +*#** 

34S5S@ FOR X=1 TO 401 STEP P 

3466 ! R1@¢X)=¢S12-DUT> 

347Q@ RIGCXIHALGSCDCKI“20d7R15¢6X) 

3480 NEXT X 

3496 IF AS="N" THEN GOTO 37086 

3586 PRINT PAGE 

3516 PRINT “S21-DUT computation " 

so2zO) PRINT “-<<<9-<-<<<<se2<---- e! 

3530 IF AS="N" THEN GOTO 3588 

354@ PRINT "Connect the device under test Cin the forward directions" 
355@ PRINT "and press CONT" 

3566 BEEP 

3570 PRUSE 

3580 DISP "Taking data ...." 

Soe iio 2 FIFI IIISIIIIESS 

3680 M9=9,99999999999E99 

3610 GOSUB 7310 ! *** SETUP 3350 +x 

3620 OUTPUT AQ;"BR" = — 
3630 GOSUB 6620 ! *** READ 8756 **+* 

3640 FOR X=1 TO 401 STEP P 

3650 ! R11¢X%3=¢S21-DUT) 

3S66Q0 R1L1CXI=10*°C DCX) 72897R1S¢CX) 

3670 NEXT X 

3680 IF AS="N" THEN GOTO 2776 


3696 |! 

3780 =! “INSERTION LOSS COMPUTATION> 
3710 ! 

3720 PRINT PAGE 

37390 DISP 


Saee PRINT LINC12), TABC1S>,CHRS¢13155" COMPUTING INSERTION LOSS ";CHR#¢ 128) 
3758 FOR X=1 TO 401 STEP P 


3760 ! R12¢X)=¢€1+¢Gamma-S/%>*¢Gamma-L’))>*¢(S$21-DUT> 
S7PFBO RISCAIRECL+ERIGACKXIFRISC XII FABSCRI1CX) D 
3786 ! R9=C1-CGamma-S)’#¢S11-DUT)>*#¢1-CGamma-L % )*#¢(S22-DUT >) 9 -(S12-DUT) #¢S21-DUT> 


*¢Gamma-S’%)*#¢CGamma-L 7 > 
3798 RO=SCL-RIPCKIFRIGCXIIFCLIARISCXKIFRISCXIIK-RIGCKXIFRIIL CX FRISCO KIFERIGACK) 


3809 ! R12¢K)=C Maximum value of INSERTION LOSSD 

3810 R12°¢KI=2G4LGTCRI2CXI/ZABS CRI) D 

38260 ! R16¢%)=¢€1-(Gamma-S/’ 5*¢(Gamma-L’))*¢(S21-DUT>D 

3830 RI6BCKXIACL-“RI4CXI*#RISGCXIIFABSCRIIC XDD f 
3348 1 R9O=C1+¢CGamma-S%*¢S11-DUT) 9 ¥¢614+¢Gamma-L’ 9*#¢S22-DUT) +¢S12-DUTI *#¢S21-DUT 


CGamma-L’>*#¢Gamma-S$7” > 

S85Q RIHCL+HRIZPCXIERIGACK) DECLERISGCKIERISCKHII+ARIGCKI*ERIIV OKI FRISCO XI ERIACK 
3860 ! R16¢CK)=C(CMinimum value of INSERTION LOSS) 

38760 ! R11¢X=CINSERION LOSS) 
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3888 R16¢K) =20*LGTCRIS(X)/ABSCRI)D Dd 
3890 R1i1¢X)=S=204LGTCRI1¢X)) 

3980 MS=MAXCMS8,R12¢K)) 

3910 MI=MINCM9,RI6¢X)) 

so2d “NEAT ox 

39730 RETURN 


3946 =! 

3950 ! <DEVICE MEASUREMENT —= REPERN LOSs- 

3960. «1! 

3970 PRINT PAGE 

S980 PRINT LINCS), CHRSCISt); © DEVICE MEASUREMENT "SCHRS(128)5LINC1) 


3996 PRINT “ Connect the Test Device to the Test Port and press CONT." 
4000 BEEP 

4010 PAUSE 

40260 DISP 

4030 BEEP 

4040 LINPUT “Enter the Device label Cup to 32 characters) and press the CONTINU 
E key.",N$ 

4050 IF N=1 THEN RETURN 

49060 DISP “Taking data..." 

4070 M3=-9.99999999999E99 

40860 M9=9,359999999999E99 

4690 GOSUB 73160 ! #**#* SETUP 8350 «<x 

4100 OUTPUT AG; "AR" 

41160 GOSUB 6620 ! #*##* READ 8756 +*+*#+* 

4120 FOR X=1 TO 401 STEP P 

4130 ! R19¢€K)=CReturn loss -linear) 

4140 ! RECKI=C(CS22 from calibration data) 

4150 R1I9CKI=1O°CDC KI 720)2R¢X) 

4160 ROECXIAABSCLOE*NCRICKXI720)-1O*C RACK 728d) AC LOSCRIC XI 7209+10*0R26K) 728) 


4176 ! R3CXdI=CUncertainty of RETURN LOSS MEASUREMENTS) 
4180 R3CXIERIIDCXI#FRIOGOCX)*#£RECKI +. 91 

4190 ! R4¢Xd=CMaximum value of RETURN LOSS »D 

4200 R4CX)=20*LGTCRIOCXI+R3CX)D 

4210 ! RS5¢CXd=CMinimum value of RETURN LOSS ) 

4220 ! 

4230 ! If the uncertainty exceeds measurement then default 
4246 ! 


4250 IF R3CX<RI9OCK) THEN ROCK) =290*LGTCRIOCKXIERSCK)) 
4260 IF R3CX)>=R1I9¢CX) THEN RS¢CX) =20*¥LGTC10*¢6-6) > 
4270 R3CX)=20*LGTCR3CX)) 

428G@ R1I9CXI=2G*LGTCRI9OCX)) 

4290 IF R6¢X)=80 THEN GOTO 43190 

4300 RECKI=2O0*LGTCRECX) > 

4310 ! 

4320 MS8=MAXCMS,R4¢X)> 

4330 M9O=MINCM9,RS¢CX)) 

4340 NEXT X 

4350 RETURN 

4360 |! 

4370 ! <PLOT DATA> 

43860 ! 

43960 N1l=0 

44060 IF N=1 THEN Ni=1 

44160 AS="N" 

4420 |! SUBROUTINES FOR <PLOT DATA> 

4430 GOSUB 4544 !Initialize 

4440 GOSUB 4690 !Compute scale 

4450 GOSUB 4830 !Label scale 

4460 GOSUB 4940 !Label freq 

447@ GOSUB 5080 !Label dev 

4480 GOSUB 5140 !Label loss = 
4496 IF AS="Q" THEN RETURN 

4500 GOSUB 5230 !Plot data 

45160 GOTO 320 ! Return 

4#S20 ! 


110 


4538 
4548 
4558 
4568 
4578 
4580 
4598 
4680 
4618 
4620 
4630 
4640 
4658 
4660 
4678 
4688 
4698 
4780 
4718 
4720 
4738 
4748 
4758 
4768 
4778 
4788 
4798 
4880 
4818 
4820 
4830 
4848 
4850 
4868 
4870 
4886 
4898 
4988 
4918 
4920 
4930 
4948 
4958 
4968 
4970 
4980 
4998 
5888 
5816 
9820 
3838 
59848 
585@ 
5a6a 
5a7@ 
5688 
5898 
51988 
5118 
5128 
9138 
9148 
5158 
3168 
5178 
5186 


{ nit val t2 ¢€ 

PEOTTER IS 13, “GRAPHICS” 

GRAPHICS 

GCLEAR 

SCALE -185,1065,-1150, 100 

PEN 2 

AXES 1800,125,0,-1008 

IF AS="Q" THEN PEN 2 

GRID 100,125,060, -100@ 

IF AS="Q" THEN PEN 1 

FRAME 

FRAME 

RETURN 

1 

! Compute scale 

1 

FOR IT=1 TO 8 

READ M3 

IF MS>=M8-M9+M3~8 THEN GOTO 4734 

NEXT I 

RESTORE 4740 

DATA .8,1.6,4,8,16,48, 30,162 
ME=(MS+M92 
M7=M6 MOD (M378) 
IF M7<=M3716 THEN M4=M6-M74+M372 
IF M7>M3716 THEN M4=M6-M7+MN372+MN3/8 

RETURN 

| 

! Label scale 


MS=M4 


LDIR @ 

FORgi-o 10-1006 STEP -125 
MOVE -58,1 

ERBEL VALS CABSCMS)> 
MS=MS-M378 

NEXT I 

RETURN 


] 

! Label frequency 

1 

LDIR @ 

HGVeEs— ho, -1030 

LABEL VALSCAD 

MOVE 985,-1830 

LABEL VALSCB) 

TS=VALSCCB-AD710)&" GHz/div" 

MOVE 430,-1030 

EABEL TS 

MOVE 260,-1895 

LABEL “Start/Stop Frequency¢GHz)” 
RETURN 

! Label device 

1 

MOVE 398,38 

LABEL N$ 

RETURN 

| Label loss 

I 

EDERSr i/2 

IF N1=1 THEN P$=" INSERTION LOSS¢(dB)" 
IF N1=@ THEN P$="RETURN LOSSCdB)" 
OVE —100,-760 

LABEL P$ 


ii 


519@ RETURN 


5200 ~~! 

s2i0 |! Plot, data for RETURN LEQss 

3220 =! 

S230 P1=401 | *#£¢ NUMBER OF FREQUENCY PUIRT sea 


5240 IF Nl=1 THEN GOTO 5$57@a 

S256 FOR X=@ TO Pi-1 STEP P 

S266 PLOT X#1000/’¢CP1-1),-CCM4-R190CX%+1)941000/7M3> 
werd HEX Tix 

5286 PENUP 

$296 IF RS="Q" THEN RETURN 

3308 FOR X=@ TO Pi-1 STEP P 

9310 PLOT X#1000/7CP1-1),-€CM4-R4C0K4+199*10007M3) 
33260 NEXT X 

53330 PENUP : 

5340 IF AS="Q" THEN RETURN 

5soO o FOR A200, T0 Pi—1. STEP P 

3360 PLOT X#10007CP1-1),-CCN4-RSCX+19594€1800/M3>) 
3370 NEXT X 

2000 || FENUP 

5390. IF AS="Q" THEN RETURN 

5400 WAIT 3008 

54180 PRINT PAGE 

54260 AS="X" 

9430 PRINT "Press P to output graph to 9845B printer," 
39440 PRINT "Press @ to output graph to 9872C plotter," 
29450 INPUT “otherwise just CONT",AS$ 

S460 IF AS="P" THEN DUMP GRAPHICS 

54°70 IF AS$="Q" THEN GOSUB 8966 

$480 AS="X" 

5490 IF N=2 THEN EXIT GRAPHICS 

5500 IF N=2 THEN RETURN 


3510 N1l=1 

soed ©! 

3230 ! Piet data for TNSERTION EOSS 
3548! 


555@ PRINT PAGE 

5560 GOSUB 4418 

357@ FOR X=@ TO Pi-1 STEP P 

3598Q@ PLOT X#186007¢CP1-1),-CCM4-R11¢X%+41))*1000/M3> 
55986 NEXT X 

5606 PENUP 

5610 IF AS="Q" THEN RETURN 

3620 FOR X=6 TO Pi-~1 STEP P 

S630 PLOT X#10007CP1-1),-CCM4-R126X+1)99*10807M3> 
5640 NEXT X 

S65@ PENUP 

S660 IF AS="Q" THEN RETURN 

3676 FOR Xse TO Pi-1 STEP P 

S68Q PLOT X#1000/7¢(P1-1),-CCM4-R16CX+19)*1080/MN3> 
S69@ NEXT X 

3760 PENUP 

S710 IF AS="Q" THEN RETURN 

53720 WAIT 30600 

3°36 PRINT PAGE 

53746 As="X" 

3°30 PRINT "Press P to output graph to 984558 printer, 
$°66 PRINT “Press Q@ to output graph to 96720 plotter... 
S770 INPUT “otherwise just CONT",AS 

3786 IF AS="P" THEN DUMP GRAPHICS 

53790 IF AS$="Q" THEN GOSUB 91390 

988060 EXIT GRAPHICS 

5381@ RETURN 

S826 ! 

5830 =! <DISPERT DATA 

S840 ! : 


Lig 


3850 
5860 
3870 
3380 
5890 
5900 
3910 
5920 
3938 
5940 
3950 
3960 
5978 
5980 
5990 
6800 
6010 
6020 
6830 
6640 
6050 
6868 
6878 
6080 
6096 
6108 
61190 
6120 
6130 
6140 
6158 
6160 
6170 
6180 
6190 
6280 
6210 
6220 
6238 
6240 
6250 
6260 
6270 
6280 
6290 
6300 
6310 
6320 
6330 
6340 
6358 
6360 
6370 
6380 
6398 
6400 
6410 
Unc 
6420 
Bo 
6430 


P1=491! +*** NUMBER OF FREQUENCY POINTS +++ 
FOR X1=4 TO P1 STEP 11 | 


PRINT PAGE 
PRinn “= JEVICE UNDER TEST : *,N8 
PRINT 


ON N GOSUB 64106,6458,6410 

FOR X221 TO 11*P STEP P 
X=X1+X2 

IF X>P1 THEN GOTO S978 

FEC B-AD#CX-1)97¢CP1-1)+A 

ON N GOSUB 6520,6490,552@ 
NEXT X2 

DISt es Fress CONT..." 

PAUSE 

NEXT Xl 

IF N<>3 THEN GOTO 320! RETURN 
FOR X1=80 TO Pi STEP 11 

PRINT PAGE 

PRINT "DEVICE UNDER TEST : ",N$ 
PRINT 

GOSUB 6458 

FOR X2=1 TO 11*P STEP P 
Xexk1l+xX2 

IF X>P1 THEN GOTO 6128 

F=C BrAD FC KL“ CPLI-1)+4A 

GOSUB 6490 

NEXT X2 

DISP “Press CONT..." 

PAUSE 

NEXT X1 

GOTO 3206 ! RETURN 

1 

y <PRINT DATA> 

1 

P1=401 ! *** NUMBER OF FREQUENCY POINTS *#+* 
PRINTER IS @ 

PRINT "DEVICE UNDER TEST : "SNS 
PRINT 

ON N GOSUB 64108,6450,6410 

FOR X=1 TO Pi STEP P 

FHC BrADFCK-1LICPI-1)+A 

ON N GOSUB 6520,6490,652@0 


NEXT xX 

IF N<>3 THEN GOTO 6368 

PRIN DEVICE UNDER TEST « “3N2 
PRINT 

GOSUB 6458 


FUKew=2 10 Pl STEP P 
P=ECB=AD 2 (x=1)70P1=1904A 
GOSUB 6496 

NEXT X 

PRINTER lS 16 

GOTO 326 ! RETURN 


! Formatting 
i 


6448 


6450 


6460 


PRINT “Frequency Insert ion Max Ins 
Pi €GH2) (dB) (dB) 
eet 4 

RETURN 

PRINT “ Frequency Return Max Ret 
PRINTS" Canc. (dB) (dB) 


ON 8) 


Min Ins 


(dB? 


Min Ret 


CdB>d 


Max Unc 


(dB) 


Uncer 


(dB) 


py o. 


6470 PRINT "“ 


6488 RETURN 

6490 IMAGE SX,DD.DD,5X,4D.DD,5X,4D.DD, +X, 4D. DD, 4X, 4D. DD, 4X, 4D. DD 
6500 PRINT USING 6490;F,R19(X),R46X), RSCX, RBCX), RECX) 
6510 RETURN 

6520 PRINT USING 6490;F,R1I1¢6X), RI2ZCKX), RIGCK), RIQNCKI-RIL CX), RIECK -RI1CX? 
6530 RETURN 

6540 =! 

6550 | -<<------------------------- 

6560 | DEVICE DEPENDENT 

6570! SUBROUTINES 

6580 |! ---------------------------- 

6590 =! 

6600 |! <8756 READ ROUTINE> 

6610 | 

6620 SHORT D1¢401),D2¢401>,D3<401> 

6630 Fis0 

6640 F250 

665@ OUTPUT AQ;"C1" 

6660 OUTPUT AG; "SD5" 

6670 OUTPUT AG;"RLO" 

6680 IF (Fi=1> OR (F2=1) THEN GOTO 67320 

6690 WAIT 2000 

6700 WAIT 1000 

671@ OUTPUT AG;"SM" 

6720 OUTPUT AQ; "FDO" 

6730 OUTPUT AG; "OM" 

6740 IF Fi=1 THEN RETURN 

6750 IF F2=1 THEN RETURN 

6760 ENTER AGO USING "F"3D1¢#) 

Gao. ec! 

6780 ! *#*+ UPPER TEST FREQUENCY REACHED? **% 
6790 |! 

6800 IF $2=B THEN GOTO 7130 

6é38i0 |! 

6820 |! *##* IF NOT THEN GOTO NEXT BAND #*# 


6830 =! = ee 


684@ GOSUB 7468 

6850 Fi=1 

6860 GOSUB 6650 

6s70 ENTER AW USING “F'3D2< =) 


6880 Fi=0 

6890 =! 

6900 ! *** UPPER FREQUENCY REACHED? *** 
6910 =! 

6920 IF S2=B THEN GOTO 71798 

6930 =! 

6940 ! #*#£ IF NOT THEN NEXT BAND #*+# 
6950 =! 

6960 GOSUB 7468 

6970 F2=1 


6980 GOSUB 6650 

6990 ENTER AO USING “F*™; DS<*) 
7000 F2=0 

780160 Y=1 

(020 FOR X=1 TO 401 

7030 IF ¥Y>802 THEN GOTO 7696 
7040 IF Y>401 THEN GOTO 7070 
7050 D¢CKI=SDICY) 

7868 GOTO 7180 

7070 D¢CKI=D26Y-401) 

7080 GOTO 7108 

78098 DCK=D3¢Y-802) 

(100 Y=V¥+3 


Li4 


7110 NEXT & 

7126 RETURN 

7136 FOR X=1 TO 401 

71946 DCK=D16K>d 

71S5S@ NEAT & 

7166 RETURN 

7176) Y=1 

7186 FOR X=1 TO 461 

719@ IF ¥5461 THEN GOTO 7226 

7266 DCKI=ERDICY) 

7216 GOTO 7236 

72260 DCKFD!VN¢6Y-461) 

7236 Y=¥t2 

724@ NEXT & 

7256 RETURN 

7266 =~! 

(276 ss! <835@ SETUP ROUTINE> 

7286 =! 

(e270)? =%2 SET UP INITIAL FREQUENCY BAND <+*+ 
7366 =~! 

7318 S1=A 

7320 IF CA<7@> AND (B>=76> THEN GOTO 7396 
733@ IF (A>=7@> AND CA<8@> AND (B>=8@> THEN GOTO 7416 
7346 ! 


7358 ! *¥*¥* SWEEP FIRST SET OF FREQUENCIES **# 
7368 ! 
73786 S2=B 


738@ GOTO 752@ 

7390 $2=7@ 

7400 GOTO 7520 

741@ $2=8@ 

7420 GOTO 7520 

7430 =~! 

744Q |! ¥***% SET UP NEXT SWEEP +¥+ 
7450 =~! | 
7460 $1=S2 

747@ IF S$2+1@>B THEN GOTO 7372 
748@ $2=S$2+1¢0 

7496 | 

75@@ |! <SET FREQUENCY> 

75160 ! 

7520 IMAGE "FA",DD. DDD, "GZFB",DD.DDD, "G2" 
753@ IMAGE "ST",DDDDD, "ms" 

754Q@ OUTPUT S@;"IPMD1" 

755@ OUTPUT S@ USING 7520;$1,S2 
7568 OUTPUT S$@ USING 753@:C 

757@ RETURN 


7580 | 09 ------------------------------------ 
7598 | DISK DRIVER OR CASSETE IN THE SYSTEM 
yee 0 Se Ee eee eee 
761@ ! DISK OR CASETTE STORAGE SUBROUTINE 


7620 PRINT PAGE 

7630 DISP "ENTER C FOR CASSETTE STORAGE, D FOR DISK STORAGE"; 
764@ INPUT BS 

7650 IF (BS<>"C"> AND (BS<>"D")> THEN GOTO 7630 
7660 IF BS="C" THEN BS=":T15" 

7676 IF BS="D" THEN BS=":F" 

7680 DISP "ENTER FILE NAME"; 

7698 INPUT F$ 

770@ PRINT PAGE 

771G FS=FS&RBS 

7728 CREATE F$,1018,12@ 

773@ ASSIGN #1 TO F$ 

774@ PRINT #13N$,A,B,P,M3,M6,M7,M8,M9 

775@ FOR X=1 TO 461 STEP P 

776Q FSCB-Ad*(X-197¢P1-1)+4A 


HOLS 


cece 
7789 
7798 
78989 
7818 


ReCAISRBSCIO*CR1I CAD 7200-10“ CR2ECK) 726) 07 C1 OC R1 CAD 7263410 Re ee 
IF R6¢X)=0 THEN GOTO 780d 

RS6CX)S=20*4LGTCRECX) Dd 

! 


PRINT @#15F,RCK),R46X), RSCX), R3CX), RI1¢6X, RIZCK), RIGCX), RIGCRI ER 1 30 4 ee 


»,R17€X),RECXD 


7829 
7838 
7849 
7859 
7860 
7879 
7389 
7899 
7989 
7919 
7929 
1730 
7948 
199590 
7969 
fore 


NEXT X 

GOTO 32a 

! DISK OR CASETTE DATA RETRIYAL SUBROUTINE 

PRINT PAGE 

DISP "ENTER C FOR CASSETTE READ , D FOR DISK READ"; 
INPUT BS 

IF (BS<>"C") AND (BS<>"D"> THEN GOTO 7869 

IF BS="D" THEN BS=":F" 

IF BS="C" THEN Bs=":T15" 

DISP “ENTER FILE NAME "3 

INPUT F$ 

FS=FSaBs 

ASSIGN #1 TO Fs 

READ #1;N$,A,B,P,M3,M6,M7,M8, M9 

FOR X=1 TO 401 STEP P 

READ #13F,ROX>,R4CX), ROCK, RSCK) ,RILCK), RIZCX, RIGCK), RIVCKX), RLISCK), RI4CX) 


»RI7 CX, RECX) 


7989 
7999 
8999 
8919 
8929 
8839 
8949 
8859 
8969 
8979 
8889 
82992 
8199 
8119 
8129 
81392 
8149 
8159 
8169 
8170 

Avg 
8189 


8199 


8299 
8219 
8229 
8239 
8249 
8259 
8269 
8279 
8289 
8299 
8399 
8319 
DD 

8329 
8339 
8349 
83598 
8369 
8378 


NEXT X 
GOTO 328 


! DISPLAY or PRINT the INTERMEDIATE VALUES 


| <Intermediate values for INSERTION> 

PRINT PAGE 

As="X" 

INPUT "Do you want results printed ? Center ’Y% for printout)",AS 
IF AS="Y¥" THEN GOTO 8369 

1 

! PRINT TO DISPLAY 

1 

FOR ¥Y=@ TO Pi=-1 STEP 11#P 

PRINT PAGE 

PRINT “DEVICE UNDER TEST ¢: ",NS$ 

PRINT 

PRINT 

PRINT 

PRINT " F S2i Sie 5 S22 GAMMA-S” GAMMA-L” 


PRINT " 

PRINT 

FOR W=1 TO 11#P STEP P 

X=V¥ +h 

IF X¥>P1 THEN GOTO 8279 

F=(Br-Ad*#CX-197CP1-1)+A 

Z=19*C(R11¢X%)72@0)d 

PRINT USING 831903F,2,R19CX%),RI7CK),RECX),RI4F6X), RISCX),RISCXD 
NEXT W 

DISP "Press CONT... “™ 

PAUSE 

DISP 

NEXT ¥ 

IMAGE X,DD.DD,4X,DD.DD,4X, DD.DD, 4%, DD. DD, +X, 00. 00,54, DD. 0D, Sx, 00.0003... 


GOTO 329 

{ 

{ PRINT TO cCPRINTER 
( 


PRINTER 15 6 
PRINT 
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8386 
8398 
8460 
8418 

Rug 
8429 


8436 
8448 
8450 


8460 


8470 
8486 
8490 
8500 
8518 
8520 
8530 
8548 
8550 
8569 
83570 
8580 
8598 
8608 
8616 
8620 
8630 
8640 
8650 
8660 
8670 
8680 
8690 
8709 
8710 
8720 
8739 
8748 
8750 
8760 
8770 
87380 
8798 
8800 
8816 
8820 
8830 
8840 
8859 
8860 
8870 
8880 
8896 
89008 
8916 
8920 
8938 
8946 
8956 
8968 
8976 
8986 
8996 
9000 
9010 


PRINT "Device under test 
PRINT. 

PRINT 

PRINT * F $21 


PRINT ” 

FOR AtPetUer i steer P 
PSChen)* (xe 1)7¢P lel er 
Z=10*(R11¢6X%)9720) 


"oN S 


$12 


GRMMNR= 3. 


PRINT GUSTNGRSS1G;F (4eR1OCX), RIC CK, RE CKD RIGC XK), RISCMOU RISC XD 


NEXT X 
PRINTERS ls. 16 
GOTO 320 


| <Intermediate values for RETURN>D 


PRINT PAGE 
eS et 


INPUT "Do you want results printed ?Center 


IF AS="Y" THEN GOTO 8796 
EURa n=O 00 0PI=1 STEPSIT4P 
PRINT PAGE 

PRINT “DEVICE UNDER TEST 
PRINT 

PRINT 

PRINT 

Pai ”  .F R1¢X> 


PRINT "-------------------------------------------- 


PRINT 

POR W=1>57G 112P STEP P 
xX=aY+W 

IF X>P1 THEN GOTO 8740 
B=<B-Ad*Gn—-1>7SP1=1)+8 
K=10*¢CR1¢X%)7208) 
L=16*¢R2¢X)720) 
RCXI=CK+LIv2 
R6CX=CK-LI“CK+L)D 


PRINT USING 87703F,K,L,ROX),RECXD 


NEXT W 
DISP "Press CONT . «..« - 
PAUSE 
NEXT Y 


"NS 


R2¢X%) 


RCX) 


“¥ FOC Printout rs 


IMAGE X,DD.DD, 4X, DD. DD, 4X, DD. DD, 4X, DD. DD, 4X, DD. DD 


GOTO 328 

PRINTER IS @ 

PRINT 

PRINT "Device under test 
PRINT 

PRINT 

PRINT " F R1¢X) 


NS 


R2¢X%) 


PRINT "--------------------------------------------- 


EORe «1500 Fl STEP P 
P=CS—-hPECKA—1>7 CP 1=1>+R 
K=10*¢CR1¢6X)720) 
L=10*CR2¢6X%)728) 
RCXSCKt+LI72 
R6CXI=CK-LI“CK+L)D 


PRINT USING 87705F,K,L,R¢CX),R6¢CX) 


NEXT X 
PRINTER IS 1e¢é 


GOTO S29 
! 


or SOE LOI RETURN LOSS GN 9Srecl PLOTTER «+< 


PLOTTER IS 7,5,"9872A" 
LIMIT 37,240,57,171 
GOSUB 4560 


ele? 


ie Dil i Val a 


9802G GUSUB 4448 

98030 GOSUB 5238 

9040 PEN 3 

9058 GOSUB 5300 

98068 GOSUB 35358 

9076 PEN 8 

908@ EXIT GRAPHICS 

9898 RETURN 

9100 =! 

9110 ! #%* PLOT INSERTION LOSS ON S9872C +#%% 
9120 i 

9130 PLOTTER (S 7,5, “9872h” 
Si40 CIMIT sr ,24G,07, 71 
9158 GOSUB 4568 

9160 GOSUB 4448 

9170 GOSUB 5570 

9130 PEN s 

9190 GOSUB 5620 

9280 GOSUB 5670 

9210 PEN @ 

9220 EXIT GRAPHICS 

9230 RETURN 

9240 END 
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APPENDIX ¢ 
TABULAR DATA OF MEASUREMENTS USING SCHOTTKY BARRIER DIODE 
DETECTOR 
Tabular data for the calibration and system accuracy of 
the Automated Millimeter-Wave Scalar Network Analyzer using 
the Schottky Barrier Diode Detector are contained in this 
Appendix. An explaination of this data can be found in 


@napter Til. 


Taegu ie 


PRINTED OUTFUT OF FIXED SHORT RETURN LOSS USING SCHOLiEy 
DIODE DETECTOR 


DEVICE WNDER TEST : FIXED SHORT 


Frequency Return Max Ret Min Ret Uncer ee 
¢€GHz) CdB> CdB> (dB) CdB> CaB> 
60.08 =, 31 a) “1.44 =l3200 =. ao 
: 60.15 -.74 34 =1. 93 =16.21 =1¢ or 
60.30 leune e2eor -.,61 -13.40 =o. > 
60.45 -.41 - 66 =iece “18.11 “18.03 
60.62 -.94 -.10 “1.87 -20.84 =l9, 70 
68.75 1.02 2us9 -.60 =a aco -16.86 
68.90 .04 1.45 -1.64 -15.04 “15.53 
61.905 -1.54 -.49 -2.84 -19.69 =lGa20 
61.20 =e oD ~32 -2.07 =l3.0¢ “17.20 
61.39 We 2.49 T= 2 “14.21 =16. 70 
61.50 = 08 ate -2.04 -16.65 ~16.14 
61.65 -1.43 =r ale a =18.67 =16.5 99 
61.80 51 re | =.o9 -16.04 -17.62 
6lvog er Hae Le =l.<eU -18.34 -18.96 
62.10 be leap ee -~.18 =2.20 mee cE = oes 
62.4205 «ic rae 6 =e ~16.3¢4 =1¢ se5 
62.40 aig lows =e oe -18.04 -19.90 
62.55 -.92 =,09 = l\i08 20.82 =19290 
62.70 =. le ae -1.29 -18.07 “18.56 
62.85 78 1.65 =.3¢ -18.02 -20.14 
63.90 aoe Ar “1.43 -22.06 =21 292 
63515 242 1.38 -.66 =-13.26 “19.39 
63.30 -20 793 =. 60 -20.91 -22.34 
63.45 =. <0 24 -.67 -25.80 =2’.e8 
63.60 Pipe he re ap URE. ral es) | =24 .aiv 
63.75 —20 ire -.44 -20.88 eee od 
63.00 -.42 -18 ~1.06 ~2csce =e o 6 
64.05 = ao c20 mee Wee we -30.10 
64.20 a 244 =.1¢4 asels Se) = S204 
64.35 -.02 039 -.44 "26.42 ~28.42 
64.50 =" 30 PS ig aie) -~24.067 =o. 
64.65 =a lee at -.653 ean s “27.46 
64.80 Pa = 41 -.10 - 30.36 =34.1.4 
64.95 Sills 12d = =29.09 =3l.33 
65.10 =~ on io earns “25.61 -26.84 
63.25 -.04 ENS -~.46 ~26.95! -28.49 
65.40 .22 oe =. 13 -28.29 -31.390 
65.55 -.@2 22s -.29 -38.60 -34.14 
6.70 -.39 -13 = Aad =26 52 1 -27.69 
65.85 .85 .98 -.51 -23.96 eas) i 
66.00 44 tee 0 S20 ~eleioic “23220 
66.19 ole -68 -,47 -23.45 =2 0.1 
66.30 =s 3 .65 -.¢ =2¢<30 =29. Ue 
66.45 ee .60 -.40 -24.69 SS ele, 
66.60 erg oor =e 22.57 “24.57 
So .75 woe) 129 =.95 “23.28 -24.04 
66.90 -.06 oe -.52 =-25.88 “27.67 
67.05 34 1.05 -.43 =21,02 SEEPS EC) 
67.20 -.90 -.14 -1.73 -21.°9 =e 
Grea -O1 .78 -.84 =20-09 eae 
67.50 ~1.34 aerate =2. 065 =o ee ey 2), 
G6r,60 -.43 Sle: = 04 a \ieleosie -~18.82 
67.80 y= ESS: -.58 —leged -19.53 
67.95 aos ok -.35 -18.79 ~28.34 
638.10 -.61 oe SS "20. co Sela ess) 
68.25 = el =-,15 =e1a6 =19.4¢ = orl 
68.48 dyed, Pee =e =20..016 d's) lr 
68.55 aes Vase -.79 = Gros = Fo 
68.78 <0 leer = 25 —20 860 = 2 ono 
68.99 -.34 oe =i uc ~fe. 359 ~22.89 
69.08 ~.74 =e)! =l253 -21.88 “217, 56 


69.15 
69.38 
69.45 
69.68 
69.79 
69.98 
78.85 
78.20 
78.35 
78.58 
78.65 
78.88 
allie te) 
71.18 
(ieee 
71.48 
¢ less 
71.798 
71.85 
72.08 
(aus 
72.38 
72.45 
72.68 
toa 3D 
72.98 
73.05 
73.28 
(3.08 
(3.50 
(i260 
73.82 
sect o 
74.18 
74.25 
74.48 
74.55 
74.78 
74.85 
75.08 
jo. 15 
75.38 
75.45 
75.68 
Goa 
73-90 
76.85 
76.28 
Conca 
76.58 
76.69 
76.80 
(5 eds. 
(7.18 
CT ee 
77.48 
(lad 
r.7@ 
fons. 
78.08 
fe. 55 
78.38 
78.45 
78.68 
(8. Gro 
"78.98 
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Ae) 
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5 eS, 
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24 
poo 
Se eS) 


5 a 
- 48 
-82 
- 38 
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» 56 
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036 
32 
es 
~32 
Ara) 
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-@5 
~17 
~@7 
-23 
.20 
-28 
ee 
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. 68 
~54 
34 
. 85 
~ 96 
-82 
-10 
oo 
eh 
718 
=. 9 
.83 
ots) 
1.03 
66 
1.29 
1.01 
- 82 
74 
~ 16 
=. 
lees 1 
06 
tos2 
=.62 
Ag es) 
~65 
- 38 
—leee 
at) =) 


I 
-_ 


TABLE II (cont.) 
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1.29 
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- 18 
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-18 
=o 
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-15.16 
-19.57 
-16.79 
-18.62 
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“22.85 
-22.93 
-24.81 
-23.74 
-19.97 
-21.02 
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-25.69 
$24.23 
-24.36 
-30.51 
-31.70 
-26.89 
-26.08 
=27.51 
-28.53 
-28.58 
-28.34 
~23.26 
-21.85 
ale oo 
=21.83 
-23.60 
-20.08 
-19.54 
-21.10 
-24.26 
-20.50 
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= 2 Oo 
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-16.76 
-18.39 
-20.18 
-16.78 
-18.61 
-15.55 
-20.83 
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-18.19 
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-17.84 
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-18.44 
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-~20.65 
-19.11 
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-20.34 
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=17. 20 
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-19.48 
=18.61 
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-24.26 
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-30.82 
=30.729 
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85.905 
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835.795 
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op 
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-.94 
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TABLE II (Ccont.) 
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= ey 
-1.01 
-.40 
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=n 
=o. Jo 
eg ear 
=20-13 
-22.54 
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=e eo 
=VS.21 
~20.84 
~18.65 
=-16.65 
-18.34 
-18.04 
~18.062 
29 | 
-20.88 
wea 55D 
=2o.89 
=25< 6 1 
-308.60 
= 21 ae 
~-24.69 
-25.88 
-20.59 
=e. o8 
~19.47 
-20.60 
=e aso) 
-19.42 
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ao 
Selece 
=20.99 
-24.31 
=21.02 
~24.23 
=o 1.7¢ O 
= ep 
-28.34 
=a lie oo 
~20.08 
~24.25 
ee 2 he 
“15.39 
=19 6 1 
=17../45 
=10,7e0 
-18.44 
-20.65 
aivele neal 
=20.13 
Sete 
=13..50 
-13.04 
-20.88 
=25.61 
-24.69 
=l7.o3 
=1S. So 
=20.30 
-24.81 
=31.79 
=21.99 
1 Ie 
=17.42 
=20.659 


-2.l.se 
-16.49 
-18.56 
~eeweu 
-23.01 
-19.03 
~18.65 
= Ufo. Sie 
-19.98 
-15.35 
-16.14 
-18.96 
-19.90 
~20.14 
~22.34 
~22.09 
-32.74 
-27.46 
~-26.84 
-34.14 
-23.57 
~26.5 

-27.67 
-21.59 
~19.48 
={s705 
-22.67 
-20.04 
-18.72 
-19.96 
“19.22 
-20.75 
—2 lee 
-26.43 
-23.16 
-26.42 
-36.01 
~-29.41 
=Slae 1 
-21.96 
~-20.90 
-25.61 
=e 
-18.05 
= Sao! 
-19.64 
-16.41 
=1 7655 
-22.23 
-21.62 
-22.30 
-18.65 
-16.35 
-19.96 
-22.59 
-26.34 
“26.95 
-19.48 
-20.04 
=-19.22 
-25.43 
-35.01 
~2lwos 
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89.18 
89.25 
89.498 
89.55 
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89.85 
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TABLE “ier: 


PRINTED OUTPUT OF MATCHED LOAD RETURN LOSS USING Seria 
DORE be Ue caer 


DEVICE UNDER Test HATCHED Sea 


Frequency Return Max Ret Min Ret Uneer 322 
€GH2) CdB) CdB) (dB) CdB> CdB 
69.00 weal S -23.64 Seo. J aod. 7 Sen 
69.15 eile oe —~250ef1 =-27.9 =-3'9.66 =e 0 
68.39 ees F ete co “27.31 = els Iteis -16.13 
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-28.53 
-27.55 
-28.82 
-30.24 
-34.56 
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=36. 9° 
abe 25 
=o3.6a9 
=39.09 
-39.48 
120.08 
128.08 
120.08 
120.88 
128.80 
=36. 290 
-44.48 


i 

w 

oO 
SOs -I NON Gg & Gs DR) = 
OW hCHingd OG -Irht hb & GO Ui 


-39.96 
-39.94 
-39.93 
-39.89 
-39.84 
-39.37 
-39.39 
-39.94 
-39.97 
-39.99 
-39.99 
-39.98 
-39.98 
-39.95 
-39.97 
-39.96 
-39.99 
-39.99 
-39.99 
-39.95 
-39.96 
-39.91 
-39.95 
-39.96 
-39.97 
-39.97 
-39.99 
-39.99 
-39.98 
-35.98 
-39.98 
-39.99 
-39.99 
-48.08 
-39.99 
-39.99 
-39.98 
-39,98 
-39.97 
-39.94 
-39.90 
-39.95 
-39,98 
-39.99 
-39,99 
-39.99 
-48. 08 
-39.99 
-39.99 
-39.97 
-39.94 
-39.93 
-39.94 
~39,95 
-39.95 
-39.94 
-39.95 
-39.92 
-39.91 
-39.92 
-39.92 
-39.96 
-39.94 
-39.96 
-39.94 
-39.96 


-2<0.04 
Seba tS 
=20.34 
Sieere 
=le.seG 
-16.94 
Blo. 76 
“19.40 
-13.61 
so. ec 
-20.20 


‘20. 54 


Ao a 
Sa) Ate) 
meoeos 
Bel. 2 
=22.336 
-24.26 
-25.43 
-24.88 
at. tt 
=23.16 
eeS.el 
-27.88 
-26.42 
-26.42 
-335'¢ 
236.01 
29. 4} 
=25. 06 
=29041 
Sou. ce 


=31.21 
-25.40 
AAT | 
wet «96 
eel. 69 

Sc Ral 
S20. 90 
aS. 49 
=22.09 
Sy | 
=20.29 
=2i.0¢2 


TABLE III Cconte. 


79.05 =36. 99 Soa. 35 -47.64 =s9.99 
Poca 19 ac: | Salas ¢ =¢55 51 =O 97 
19e3d =S6.06 =S2.09 =46. J 376 Io 
79.50 el eolwco =4 5615 =o. oo 
T2060 -34.14 =30). 56 “40.35 ied) 
79.80 33205 =29'69 =37. 92 =39 3 70 
(9.95 =s2. 04 -29.46 =a sor =39...94 
80.18 =25.22 =2o.¢ | =2 0. o =379.66 
80.25 =S@lc 2 sehr ie, =34.S2 SE) ee 
80.48 =-30.63 -28.06 -34.30 =39.89 
80.55 =32.3¢ s2oeo3 =37 al pero. ge 
80.70 -34.07 =30, 00 “48.21 -39.96 
80.85 =Slied =28.50 301.015 =39..93 
81.00 =33.130 =29599 =39 as =o 2.96 
S11 > met oe We ae) =2ruOe 932-26 qg Ine 
81.30 “26.74 =o 01 =29. 9) -39.86 
81.45 =29.56 260 Co = 3 li. 69 = oo. 90 
81.60 ~32000 =—27. 40 = Sia os =o9.95 
81.°5 =35.113 =o 120 -42.49 So ede, 
81.90 = tn =304,.31 ee Ie iit fe oo ie ding 
2.00 “40.25 -34.19 -120.00 =e Ske, 
82.20 -36.84 =S2<.20 =a 5 lo =39.99 
SZ.) -41.34 -34.62 =t20,.oU -48.00 
82.50 =Seees =e9se4 =So.93 =395 96 
82.65 =o lea -28.86 =39.90 =37'.9+4 
82.80 “31.49 -28.70 =359.63 =39.92 
S299 -34.04 -30.49 ~40.14 = So a0iC 
83.10 = 3S 0 lik =29. 90 ~38.49 =So. 96 
S3520 22ers -2 540 Sess mele Aan jed 
83.40 =29 611 =26.91 =32. 07 = 39,89 
33.55 -33.66 =33.26 =I 0.00 =39599 
83.70 =32.94 =30.15 =39.17 =39,5 96 
83.35 = 32 =29,.(6 33.10 =379 25 
84.00 Soe le = 3120 -42.47 =39.99 
84.15 -28.44 =26. 37 = 1.01.9 =59. 91 
84.380 3 1 2 -23.44 =30. 0) =39.9¢ 
84.45 -31.04 Seges? -34.88 =o as 2 
84.60 -32.34 = 29s o « =37.56 =39.93 
84.75 =33.11 =32.93 = 2.25 -40.00 
84.90 =34 5.09 =3U. Se =41 291 Sie atin ke] 
85.0% =3leeo =235.9¢ > oaes =39.9¢ 
SS ac =33.,56 “30.24 -39.30 =39.993 
= heel =31, 32 -34.65 -120.60 = 395,99 
$5.59 “38.74 =83. 52 -56.20 Soa. 3 
85.65 =S26 9 «7 -29.40 =37.26 =39.93 
85.30 ~Sews t =29.06 Eel elo =395, 20 
ape Je) =32.06 me os. 1 = 360.006 =39. 92 
86.18 =31.69 -28.84 -35.94 =39, 92 
86.25 =Jae0 “29.34 =3t oor =39.96 
86.40 36475 =oa.33 -47.64 SE) Ciel] 
86.55 = 6 le =31.99 =45,15 athe Wars! 
86.°0 =32.0% -29.46 =—37.37 =37,,9¢ 
Sb.02 =30.69 -28.06 S34.50 =3ouc2 
87.08 = baa =26. 00 “39.19 “39.293 
S7.15 26.0 4 Seat =2o. 71 =S7a06 
37.30 =S3o,12 =2 neo -32.49 =39)..99 
87.35 =36.54 ~32.<6 =a ko ot he driae Be) 
87.64 -31.78 -28.36 —Joe oo ooo 
Cones =SSipl i =oa4 20 -38.49 = 39476 
87.392 =-33.655 =33.28 =59.69 =a too 
83.05 cae es py A ae (ere ws2.47 moe doe Nt] 
6.28 ~31.04 Semans -34.38 me ele] 
83.35 -34.63 -30.92 =e aL =39.93 
88.59 e4+15.39 -34.65 -120. 80 =39.99 
88.65 =S2er 1 =232 28 =3(.60 =397,95 
88.38 = S255 =29.34 =37.08 = ones 
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TREES (ereccont. ) 


88.95 =See 4 =29).46 Lever cue = 39 ais) 
89.19 eo. 4 aos 1 sese sl fed =i) te Ply 
89.25 wea lec O -23.36 =o aie st =329.94 =1'9.45 
89.40 =so.l< =21.20 “42.47 =—s96 39 -26.43 
S95 RS =34..65 “120.00 js7. 22 eet a 
89.78 -32.54 " 229.46 = 3a. SC =39.94 =18.65 
So. 00 =35.12 -31.20 -42.47 ip JARS be) -25.43 
98.00 Sve le e31.20 42.47 3 9a0? -26.43 


ead 


TABLE IV 


PRINTED OUTFUT OF EETURN LOSS FOR 5 daB ATTENUATOR WITH 
SHORTED OUTPUT USING SGHOTTKY DIODE DETECTOR 


DEVICE UNDER TES) : S de RPI ENA OR eso ere 


Frequency Return Max Ret, Min Ret Unecer $22 
(GHZ) €dB> (dB) (dB) (dB) (dB) 
64.08 -16.86 =1¥.2o -~11.47 ~34.13 =1o.00 
60.15 ~le.ol me BA Sloan ee ho eral) Ser hit 
68.30 =1Go2 =o oS =11.05 -32.24 =16.18 
66.45 -10.54 -16.084 so arg ere) c= 14 -18.03 
68.68 -10.50 = sla els =-11.07 -34.45 a Sle 5s) 
60.75 =I), 20 -10.(9 =12.05 Sa, ~16.86 
66.96 -14.83 -10.14 =11.99 — se oe ~15.63 
61.05 =10.-7 1 -10.95 = late =—32,. 00 =V65.20 
61.20 =10.72 -16.09 Sloe, = Ses Ta ~17.20 
61.3. = Ue tee! =16, 19 =, 0.1 SSI Pac) -16.90 
61.56 =12,42 wlleos =l3.2) =34, 02 = 1G. 14 
61.65 =10e72 =14..07 ~Viadve ea 4 SEG Se) 
61.39 -19.58 =e) a Mie Sliced! SIE SIS =Trwce 
(SES fe Ses -108.28 sarge | =10.39 =3on1 3 a lisig SNe 
62.18 =10. 93 =Gi3 2 =. 30 -34.16 = lonon 
62Zee0 9,00 “9.24 =1).s9 —~seuo4 eT ps 
62.40 -10.42 aes =11. 860 =34, 39 ~19. 90 
G2inoo -11.48 -10.94 =12.06 ae CRS Cie -19.98 
62.70 = gan | jTiere -12.94 eS) ~18.56 
62.85 =()..05 = 10. 01 -11.61 = soW0s ~20.14 
63.00 -10.45 sehe el % SSA ele =35.20 ~elace 
S3n10 -9.82 =o .25 =1U. 39 — Sisal -19.84 
63.36 =l15.74 =lia2o Higa t -36.41 -22.34 
63.45 =11.79 =l11).o2 =loe19 =Se rag 3 ee: 
63.66 -10.36 = eae -10.82 somo? -24.17 
63s" 5 ~9.94 Rees ts: -10.43 cle Se Se SS, 
63.96 a G =1Unor@ -11.64 =36. 93 = eet 
64.05 =11.67 =1l.eo =12.09 chs es =~ SU cel oO 
64.26 Silo? ile Wels ake SA ate: =39.50 —Se.rd 
64.35 =10.66 =iMeec = 1106 =e. 22 -28.42 
64.56 -16.07 =o, 66 =G. ou =36. 38 = 2 bit 
64.65 =10.4¢ =10.09 -16.89 -37.21 =27.96 
64.36 =t1214 Ones = 1 eed -38.78 -34.14 
64.95 =i a WP aC =) -12.24 =35.6 el eee: 
65.10 =I =11534 =I2.22 -37.790 -26.34 
65.25 elles =10.93 -11.64 =e So ~28.49 
65.40 ~10.55 =10.90 oa Soot Sele 2 (5) 
65.55 -16.41 =19.07 -10.75 Sli Sig “34.14 
65.70 -11.62 Oe oe ~11.44 Suave ~27.6@ 
65.85 =1 1.26 -138.83 =Vlece =o 51 1 = 290 
66.06 “11.36 -140.90 “11.85 ~36.57 -23.57 
66.15 =12,.09 =. 60 = -37.43 -03.1¢0 
66.30 =o Se eS =13.07 -38.46 -29.02 
66.45 =i? =l1.o5 = leaer Se (als) =26.05 
66.60 -16.68 -16.24 a erp ke: -36.44 -24.57 
66.75 ~16.44 -10.00 =10. 2! =36.07 -24.04 
66.90 -11.25 =10..60 =i) oo ~si0.oG = 2 Oe 
67.85 =12.45 =1 120 -12.98 -36.99 -22.74 
67.26 =11324 “19.73 =11.¢ 2 =35:.09 -21.82 
Se.0 -10.94 -10.44 -11.47 -35.54 alae! 
67.590 =l2ec2 Silico =laacd -34.71 =17.09 
67.65 = Li a licenled —laeoo =35.¢8 =-18.82 
67.30 -11.44 -16.89 =12.03 -“35 05 =19.49 
6¢.. 5 =a =O 70 =11.76 -35.46 -20.34 
6S. 10 =. 0 -10.61 =liece -35.04 shel she! 
68.25 -10.99 -16.46 Shee! =33..99 =S.00 
68.48 a li Par aed =Tlecs ={2,.34 -35.64 pL a 
65,00 =12.18 =Weee =i2e 09 =Jo5 br =19 245 
63.70 i less Se, -11.46 -12.41 -36.62 = oon 
68.35 -12.88 Salle ok, -12.60 =ciG o | =22.09 
69.00 =12.43 Saat =e. 22 =307, 04 =e loo 
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69.15 
69.30 
69.45 
69.60 
69.75 
69.98 
70.05 
70.20 
70.35 
70.50 
70.65 
70.80 
70.95 
71.10 
?7i.2s 
71.48 
(i. 25 
71.70 
71.85 
72.00 
Cee ln 
72.30 
72.45 
72.60 
Cairo 
72.90 
73.85 
73.28 
fein She) 
73.50 
%3.609 
73.80 
Go. 30 
74.10 
74.25 
74.48 
74.55 
74.70 
74.85 
75.80 
focls 
75.30 
75.45 
75.60 
(aon € O 
75.30 
76.05 
76.20 
16239 
76.59 
76.65 
76.80 
76.95 
77.18 
1 Goa 
77.40 
(olen sie 
r?.?O 
Ce lake 
78.08 
(3.15 
72.30 
78.45 
73.60 
Coa. 
78.90 


=11..99 
~ lie ot 
“11.34 
=l2m2 
-12.20 
=T1o3 
-10.76 
-10.98 
=9, 95 
-10.09 
-10.81 
-10.83 
-19.89 
= 8.23 
-11.00 
-18.70 
-10.58 
= Melis 4 2 
=. 03 

de | Prae e 
=10.63 
='?.09 
-11.48 
-11.90 
=(9.¢6 
-10.78 
-10.79 
=10. 92 
=128),82 
-10.82 
ee We 
Si. SO 
Sel Se 
-10.98 
-10.86 
=1i.09 
-11.04 
=. 9 
-11.66 
=—1l7.20 
=(1.2 
-108.48 
=1@59 2 
-11.94 
“11.58 
“11.03 
=-1 6.77 S 
-11.47 
-11.64 
-11.49 
Seles 2 
“12.23 
=1i.¢3 
=11). 64 
=the 8 1 
S10. 7 9 
nat) ne or 
Slaw OO 
-11.84 
oe ree Wd 
=e. 6 4 
=e. ce 
-12.28 
=lt.7¢2 
=11.85 
sll.o2 


=i. s4 
=F), 99 
=a. 5 1 
“11.54 
Sallis oO 0 
-10.98 
-10.22 
-~10.43 
e9.37 
=3.93 
-10.28 
=10,31 
=O. 37 
“9.74 
= lig.) 2 
=10,.21 
“10.11 
~10.74 
=10.61 
=. 90 
“10.13 
sll.o9 
“11.05 
-19.59 


=10.3.5 


Sida ¢ 
-10.44 
-10.58 
-10.44 
“10.43 
-10.78 
-108.98 
-10.94 
-10.61 
-10.44 
-10.61 
-10.55 
-10.7@ 
-10.54 
-18.68 
Ue Pie be 
-10.00 
aid. 17 
-11.40 
=1.08 
“16.53 
=10. 21 
-18.90 
-11.04 
-10.92 
=10. 75 
=i. 29 
=f1.11 
oo a 
=tlwees 
jllsece 
=10.86 
=10'. 85 
=: 15 
11.70 
=le«ele 
i ae 
=11.66 
i) ) eae 
=11.2¢4 
-11.04 


TABLE IV (cont.) 


=12.47 
=henwor 
=11. 990 
-12.74 
=l2.07 
~lgnee 
=P. 33 
at) (ol ew rg 
-10.57 
-180.69 
oles 3 0 
=i 38 
~11.44 
= OG0¢.5 
.711.48 
oy Sea 
=l1.07 
a) Ary 
al i.46 
=)b. 39 
sole lee lu 
a) lcyta KS) 
=11.93 
~11.42 
=. 19 
ieee 
=. 15 
Slee ¢ 
alt. 2t 
-11.23 
elt aro 
=) res} 


Teenie = 


-11.36 
-11.31 
-11.59 
-11.56 
-11.72 
“11.51 
-11.75 
-12.15 
-18.99 
=11.03 
-12.51 
=e 1 
“11.55 
-11.32 
-12.087 
-12.28 
-12.09 
-11.94 
“12.91 
-12.39 
=1e.17 
-12.48 
-12.39 
“11.91 
-12.21 
-12.58 
-13.18 
-13.41 
-13.39 
“12.77 
eile. 2S 
-12.51 
-12.24 


=33.603 
-39.07 
25550 
= sans S 
-34.74 
=J3oa70 
-34.69 
-34.64 
=33.20 
=33 00 
-34.84 
=-35). 01 
= te lr 
=3 4 09s 
-36.24 
a Se rc 
=3o076 
=35.50¢ 
=37.23 
=so./ 3 
=33602 
=sOi.o'2 
-37.41 
=S¢.90 
=3¢ 600 
-37.09 
=35.63 
=38.95 
=3f 600 
= 30 5 ao 
-38.00 
=35.39 
=o es | 
wooear 
=J6e03 
=o. 1 1 
=soerc 
=39—6.c0 
-37.04 
-35.47 
~34.72 
=e)5 5 21 
=36./3 
=So.61 
=36,,12 
=35.656 
-34.63 
=-34.91 
-34.62 
-34.89 
=34.59 
-34.59 
-34.34 
= 36.019 
-35.45 
=s9.29 
so Ciara 
=33.68 
=3G.01 
=34.27 
=35.36 
S30. 593 
=s6.le 
-35.36 
=34'55 
=34. 87 


-20.64 
-20.75 
-20.34 
-18.72 
-17.29 
Slisah! 
~19.96 
-19.40 
-18.61 
“19.22 
-20.20 
-20.54 
—2 Oe 
=21eDS 
-23.33 
-21.59 
~22.86 
-24.26 
-26.43 
-24.08 
bea) 3 
-23.16 
-26.21 
-27.08 
-26.42 
-26.42 
-33.74 
-36.01 
-29.41 
-28. 06 
-29.41 
-30.82 
=U 1s 
=3i721 
-25.40 
=“22.7°8 
Ses le SIS 
“21.39 
-25.71 
-20.90 
-18.49 
-22.09 
-25.61 
-~20.29 
-21.82 
=21.¢2 
-19.85 
-19.03 
-18.05 
-18.96 
-18.63 
-16.81 
-17.29 
-21.89 
-19.64 
-19.25 
“21.38 
-16.41 
=e ee 
-15.84 
“17.55 
-21.49 
-20.60 
-22.23 
-17.48 


--='8.00 


eine BS 
79.20 
19630 
79.00 
79.60 
79.89 
LI aoo 
88.198 
89.25 
88.40 
88.55 
88.79 
88.85 
81.980 
81.15 
81.39 
81.45 
81.69 
=e ee igs. 
81.99 
82.985 
82.28 
82.35 
82.59 
82.65 
82.88 
82.95 
83.19 
83.25 
83.48 
83.55 
83.79 
83.85 
34.08 
84.15 
84.398 
84.45 
84.69 
84.75 
84.98 
85.95 
85.20 
85.39 
85.50 
35.65 
85.89 
83.95 
86.19 
86.25 
86.40 
86.55 
86.79 
86.35 
87.389 
87.15 
87.39 
87.45 
87.60 
Star 2 
87.99 
83.985 
88.29 
88.35 
88.59 
88.65 
88.39 


<2 ..53 
“12.48 
= isc 
“11.69 
=“11592 
pay lbs (=) 
-“lo2 
= Veo) 
-18.50 
ee cle re: 
“12.49 
-10.28 
-18.42 
= 32 
“11.74 
-9.94 
~ ite? 
~10.48 
bee Us Ll ete 
-10.41 
=11.36 
=11.81 
=!tc2o 
-10.94 
-11.44 
=10 597 
=1 1.89 
= 1.39 
~The 
=1077 o> 
-18.89 
=10;.59 
=l0i70 
#11503 
=12.938 
=1G.7 6 
=10).92 
gh es se a 
-180.98 
=11.04 
-11.29 
-16.99 
=e. OS 
-i11.64 
=12.23 
=117, 31 
=T1.toe 
=l257 4 
=Visv2 
a ara 
=1. 1.169 
=1).e¢ 
=1Oicc7 4 
-10.42 
=9.99 
=) eee 
=115:31 
~11.44 
211.39 
-18.989 
-11.983 
=10'.92 
~11.904 
-11.@03 
ae t= jek 
sliwce 


= Va 0) 
=linoo 
“lee? 
=e? 
=1 1.33 
=112.06 
“11.24 
=e 
<9 76 
=18.G2 
=11. 363 
wasear Tao 
=9. 3° 
= 1 Oia t 
-112 20 
-9.48 
=i. oe 
=19). 99 
=1l34 
-190.07 
=10. 90 
=11. 33 
=10.60 
-18.44 
-19.89 
-18.48 
-11.49 
=1).39 
“11.54 
=10.2e¢ 
= Jos 
-10.-37 
=10is21 
=) O06 1 
=—11709 
=10..35 
=0y 6 
=1G.73 
=10.-61 
=10,00 
=16.68 
=1Oarly 
=10. 93 
“11.04 
ls = 
=t1.295 
=—19,65 
Shen 12 
=llwes 
-12.@1 
Sel vl 2 
-11.24 
-19.05 
2.89 
-9.48 
-11.34 
=11..35 
=190. 359 
=11534 
=95-50 
-190.61 
-10.58 
=|¢G-52 
=l|G5.93 
=llw2o 
so Wes As 
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TABLE IV (Ccont.) 


aa 
Sle Ve, 
=e 
owe 

=t2.c0 
-12.24 
-12.44 
-~13.27 
-11.97 
-11.42 
=13.21 
-18.88 
={1.9¢ 
=i) .6 | 
=l2cer 
-18.43 
=ii-78 
-10.89 
tp Pd are 
=f iw o 
=e 
Si 2eer 
=116¢0 
=11 5.907 
=12.0)3 
=11.63 
2a 1 
=l2.97 
=~12.73 
“11.33 
-19.69 
“11.44 
s1ls2s 
-11.46 
Sl2.o7 
=i. 19 
See 
=e oir 
=i) oo 
=11)..06 
ae Lies) 
=n oo 
=i). 0 
=l2.29 
12.1 
-12.49 
=1 2.2) 
=1 3.741 
=12 ao 
=13.09 
Hewes 
-12.44 
“11.42 
=A 
-18.43 
=l2.22 
=N2ner 
-12.903 
=a 
-19.59 


-11.46 . 


=lieet 
-—11..065 
= too 
-12.40 
=l2veo 


“55.59 
“34.68 
=35.02 
-36.36 
-36.68 
=35.. 00 
-35.05 
<“35.26 
-34.45 
-32.89 
Jaye 
=J3.0 9 
“34.30 
=35.03 
-36.41 
ee iy |<) 
-38.66 
=37 22) 
=S7 08 
=38-07 
=So non 
=37 69 
=37 «66 
-35.54 
=Jo 208 
=33.97 
-36.62 
=35.68 
=3I.9¢ 
=349.609 
-33.68 
=39. 15 
=3D9 0 
= Sines 
=36.89 
=37-Ur 
=38%5 95 
-38.00 
=20.27 
=205 or 
#39647 
=35.;2 
-39.66 
-34.62 
~34.99 
-35.45 
-33.68 
= 35.56 
-36.36 
=sos 
-36.36 
=3>, oo 
-32. 89 
-34.35 
39 el3 
“Siero 
-37.65 
=39.03 
-35.68 
=33. 58 
=3(. 60 
=355 25 
= Sin 
-35.66 
=“39. 99 


-~36. 36 


=2leroe 
“16.49 
-15.06 
-2e- 39 
“23501 
-19703 
=18.60 
=lne oe 
-19..98 
-16,35 
“16.14 
“18.96 
-19. 56 
-20.14 
“22.34 
eC Se) 
-32.74 
-27.46 
-26.84 
-34.14 
-23.07 
26.05 
=-27.67 
=2ls9 
-19.48 
-16.03 
=2e. Or 
-20.84 
=1S <2 
=13520 
-19.ce 
=29.7— 
=ZA cto 
-26.43 
-23.16 
-26.42 
=36,. 01 
-29.41 
=si2! 
-21.96 
-29.99 
=“25.6! 
“21.72 
=-18.05 
-16.S1 
-19.64 
“16.41 
mee a) 
=22.ac 
“21.62 
-22.39 
=19,6.0 
=16.35 
=13.20 
=22 2 
-26.84 
=267 00 
=19..98 
-20.84 
=19% 22 
-26.43 
-36.01 
-21.96 
~ 2 ee 
-19.64 


sages 


83.95 
89.18 
89.25 
89.48 
89.55 
89.78 
89.85 
98.88 


SO ta) 
“9.94 
~11.44 
[lie Cs 
=11.¢63 
=i. oe 
=. 03 
= ll. ¢3 


=11.24 
-9.48 
=16.89 
=10.6 1 
Slows 
~11.24 
-18@.61 
-10.61 
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TABLE IV (cont. ) 


-12.44 
-10.43 
-12.83 
-11.46 
=11 55 
-12.44 
-11.46 
-11.46 


ae 
= Jes 3 
-35.08 
=3(ee3 
-35.66 
=309.00 
~Sfse3 
ey CAE) 


=lc.52 
=e 2079 
-19.48 
“26.43 
Sac a 4 
-18.65 
-26.43 
~26.43 


TABLE V 


PRINTED OUTPUT OF RETURN LOSS FOR 10 AB ATTENUATOR WITH 
SHORTED OUTPUT USING SCHOTTKY DIODE DETECTOR 


DEVIGESUNDER TEST 19 dB ATTENUATOR WITH SHORT 


Frequency Return Max Ret Min Ret Uncer Se2 

(GH2> Cd BD (dB) (dB> dB) (dB) 
69.00 “18.11 = Wve. ce -18.97 “33.57 = our @ 
60.15 -25.41 -23.88 “27.28 -39.68 =i. Oe 
68.30 -19.82 -18.88 -20.87 “38.70 “16.18 
68.45 -19.77 -18.86 -20.79 “38.92 -18.083 
680.60 -21.07 -20.87 -22.28 “39.35 -19.98 
680.75 =ZOn ( -19.77 “21.998 -39.01 =l6..o6 
60.990 -20.27 “19.29 “21.37 -38.74 “15.63 
61.985 -19.51 -18.60 -20.53 -38.63 “16.35 
61.20 “19.25 “18.37 -28.23 -38.68 -17.20 
61.30 -21.07 -20.04 “22.24 -39.08 -16.98 
61.59 -26.43 -24.73 ' -28.56 -39.78 =i 04 
61.65 -28.68 “19.61 . “21.72 -38.95 “16.459 
61.88 -18.71 -17.87 -19.64 -38.58 -17.62 
61.95 -19.55 -18.67 -20.53 -33.98 -18.96 
62.10 -19.47 =lSs 59 ~20.45 =So. 9). Sie 
62.¢c59 =ie.o5 “17.15 -18.83 =o ee =1/7c2 
62.48 =16,06 =17.50 aor ls eohhs. -38.88 -19.96 
62.55 -22.47 =21.33 -23.78 -39.52 -19.98 
62.79 -25.85 24.29 2caSl -39.74 -18.56 
62.85 -20.64 -19.68 “21.72 -39.29 -20.14 
63.988 -18.28 =-17,52 -19.12 ~39.02 -21.92 
63.15 =“17.78 “17.03 -18.61 -38.64 -19.84 
63.390 “22.19 -21.09 “23.45 -39.61 -22.34 
63.45 -24.30 22.96 -25.89 -39.86 -27.28 
63.68 -19.34 -18.52 =e0ceco -39.48 =24.17 
63.75 -18.58 -17.80 -19.43 =39.15 -22.59 
63.98 -28.92 -19.96 -22.00 39.56 -23.86 
64.05 -23.31 “22.11 “29.71. -39.87 -33.10 
64.28 -21.32 -28.35 -22.42 -39.85 -32.74 
64.35 -19.01 =1S.e3 “19.86 -39.60 -28.42 
64.50 “18.13 -17.48 -18.92 -39.33 =20. 01 
64.65 -18.69 -17.93 =O. 2 -39.52 -27.46 
64.80 -20.92 =19;, 99 -21.96 -39.86 -34.14 
64.95 2S “22.38 -24.96 -39.99 “31.83 
65.10 -23.53 ~22.29 -24.98 ~39.83 -25.84 
ely ts. ~21.04 -20.08 erent 1 -39.75 -28.49 
65.40 “19.16 -18.38 -20.01 =39.72 -31.38 
65.00 “18.53 -17.80 -19.31 -39.75 -34.14 
65.78 “19.73 -18.89 -20.55 -~39.62 -27.68 
65.85 -20.62 -19.70 “21.66 -39.61 -25.565 
66.80 “21.39 -29.38 -22.53 -39.59 =Z2S.5¢ 
66.15 -23.63 -22.37 -25.18 -39.79 -25.10 
65.38 -25.98 ~24.39 ~-27.92 -39.92 -29.@02 
66.45 “21.71 -20.68 -22.88 -39.73 “26.55 
66.68 -13.79 “18.91 -19.64 -39.35 “24.57 
66.75 “18.24 “17 <.00 -19.95 cant ha -24.04 
66.992 -20.16 =19.29 “21.13 “39.66 “27.67 
67.85 -24.77 -23.35 -26.47 -39.79 “22.74 
67.20 “21.33 -29.31 -22.48 -39.45 -21.02 
Ci.30 -26.72 -19.76 -21.79 -39.41 -21.59 
67.00 “22000. -21.48 -23.93 -39.35 -17.989 
67.65 -21.94 -20.35 =2551 9 -39.39 -18.82 
67.30 -20.56 ~19.68 -21.64 -39.22 -19.48 
67.95 -19.58 ~18.72 -20.54 -39.17 -20.84 
68.18 -19.42 =~ 36 -20.37 -39.06 “19.98 
63.25 =. 96 -19.04 =209,.99 oon oC -18.895 
63.38 “21.31 —20. 29 -22.47 -39.39 “20.17 
68.55 “22.39 Zl. eco -23.7°8 -39.48 =19..433 
68.78 “22.683 -21.46 =-23.91 -39.66 -22.67 
68.85 -23.96 ele oe -24.44 -39.78 -22.89 
69.00 -24.02 -22.70 72,00 -39.V72 eee 
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69. 


1S 


69.386 


69. 
69. 
69. 
69. 
70. 
70. 
78. 
78. 
7. 
78. 
70. 
71. 
71. 
71. 
el. 
ue 
1. 
fas 
C2. 
(2. 
(2. 
(2. 
(2. 
ae 
Se 
T3- 
(3 
(GEN 
Cos 
73. 
fa 
74, 
74. 
74. 
74. 
74. 
74, 
73. 
735. 
fo 
VO 
(5S. 
7S. 
fon 
76.6 
76. 
76. 
76. 
76. 
76. 
76. 
(7.6 
(ole 
(aren 
77. 


72> 
if {J 


45 
68 
rae) 
98 
85 
28 
Si.) 
58 
65 
808 
95 
18 
Zo 
40 
=o) 
79 
85 
i) 
1 a) 
38 
45 
60 
co 
98 
85 
28 
ao 
bal) 
65 
80 
95 
10 
Zs 
40 
5 
798 
85 
80 
‘lage’ 
398 
45 
69 
as 
998 
85 
29 
Sis] 
bal 
65 
8 
= pe 
108 
25 
48 
Loe’ 


bec J 


ef 
70. 
78. 
78. 
78. 
con 
78. 
(8. 
(3. 


85 
88 
1S 
38 
45 
68 
ee, 
98 


=215.99 
canal shan ti 
-20. 20 
-21.68 
=21.83 
-21.27 
-22.70 
-20.62 
-18.38 
-18.41 
-20.21 
@2lwes 
=2b0).135 
SloarO 
Sele io 
=21.02 
=<0i.11 


- =22.07 


~20.66 
-18.99 
-19.57 
-24.26 
-22.73 
-20.84 
-28.55 
-28.52 
-280.42 
-20.71 
-20.32 
-20.38 
-21.33 
~22.98 
-21.89 
-28.31 
~20.28 
-20.47 
-21.89 
-<21.598 
-28.96 
-21.66 
“22.34 
-19.54 
-19.45 
-24.07 
-22.34 
-28.16 
-19.66 
-28.96 
~22.36 
-21.47 
-21.56 
-22.58 
-22.03 
-21.S6 
~—2leeco 
meat 1 
-21.95 
-21.48 
-22.14 
~22.¢ 9 
~23.46 
-23.78 
~23.16 
-22.01 
-29.75 
=—21.25 


~28.42 
-20.58 
-21.40 
=20.91 
-28.53 
=-20.19 
-20.18 
-20. 06 
-20.41 
-28.99 
e238 
-22.18 
-22.49 
-21.94 
e2ed.93 
=19./5 
-20.e2 
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Tesben y Ccans.,) 


=~234e0 
=21..19 
=21l<2s 
=22. 90 
=22,99 
-22.46 
-24.85 
=21,70 
=19,18 
sg Oe | 
“21.24 
-22.38 
=21.17 
=20). 67 
=22.30 
eac~ls 
-21.180 
=23.29 
=21.69 
=15.99 
=20 02 
=2~- 6 
-24.084 
e211, 99 
=). 00 
-21.54 
~21.41 
malate 
=21.30 
Se kes 
-22.43 
Sas. 19 
ses. 0¢ 
-21.84 
Selee’ 
=21. 51 
-22.28 
See 31Or 
=22.03 
=22.86 
=23.02 
~20.48 
~208.36 
=22.600 
=e. oe 
=e Lali? 
-20.65 
=22—09 
=20.1090 
-22.66 
=2e.r6 
=23.99 
=23. 31 
eects 
-22.35 
—-2e.20 
=22.16 
=22./70 
=23.46 
-24.20 
cat. Set ds) 
=25.29 
-24.58 
=23.24 
=o. Of 
~22.41 


=39.<26 
3395.26 
=39.«56 
32040 
-39.41 
39.68 
39.69 
moo«2e 
=o 19 
=J9.08 
=o 94,( 9 
=39 369 
-39.64 
-39.64 
-39.84 
=39. 98 
=39, 7 3 
=3976 9 
=o ' 9 
-39.84 
-39.84 


=oan oo 


=S7e30 
=39.43 
e395 14 
=39.14 


=395 50 
=39..70 
-39.62 
S395 .59 
mS) Pg 
=39.2r 


-28.084 
=205< 2 
-20.34 
-18.72 
=17.20 
-16.94 
=19.96 
-19.42 
=15, 61 
=Poace 
-20.20 
-20.54 
20.00 
=Z2i. a0 
eesuos 
me lean 
=a2.o6 
-24.26 
-26.43 
-24,988 
=2Zl 1 1 
=25+ 16 
-26.21 
=27 05 
-26.42 
-26.42 
=33.74 
=36.01 
~29.41 
-28. 06 
=-29751 
-38.82 
=305 2 
=3 lel 
-25.48 
-22.78 
Teas 96 
221,89 
SZae i l 
-26.96 
-13.49 
-22.09 
~25.61 
aaGwe? 
=21.62 
ds eer 
=19.cS 
=19.03 
=-158.05 
=t3,96 
=15..63 
=T6.51 
= ie? 
=2 lao? 
-19.64 
“19.25 
=2i2 50 
-16.41 
-15.42 
-15.34 
a bs cee. 
s2t.49 
-28.68 
-22.23 
-17.48 
=135,00 


79.05 
79.20 
Cao o 
79.50 
(3.65 
79.88 
(e392 
88.12 
88.25 
88.48 
80.55 
80.70 
88.85 
81.00 
Sieao 
81.30 
81.45 
81.68 
Silico 
81.98 
82.85 
82.28 
82.35 
82.590 
82.65 
82.88 
$2.95 
83.18 
335a5 
83.48 
83.55 
83.70 
83.85 
84.08 
84.15 
84.30 
84.45 
84.68 
84.75 
84.90 
85.85 
85.28 
85.35 
85.58 
85.55 
85.32 
$5.39 
86.18 
86.25 
86.48 
86.55 
86.76 
86.85 
87.88 
S¢(.19 
87.39 
87.45 
87.69 
Si./0 
87.90 
88.905 
88.28 
88.35 
88.58 
88.65 
88.88 


=23.66 
eee. 98 
=2£1.33 
= ee 
-20.86 
=20. 22 
= Ei ct 
=e f 
-21.087 
=i abs 2 
-26.43 
=19..55 
-18.66 
-20.64 
=e. 1? 
=15,50 
“21.32 
=lo.69 
=23. 03 
-18.53 
=21.39 
a") merge | 
=20.16 
=20s (2 
-20@.56 
=19'. 96 
-22.60 
-21.99 
S21. 6S 
-22.78 
-18.41 
=29.15 
=21.U<¢ 
-20.66 
~24.26 
-29.355 
eS rae 
S213 
-28.81 
=21..09 
=21.466 
-19.45 
=20. 16 
=<e.30 
2200 
=21.<¢9 
-21.48 
-23.46 
“22.01 
=-23.66 
gs ere ee 
=elatl 
=19201 
=18.66 
-18.58 
=23. 03 
=2 ) ome t 
=20 a6 
=e1.99 
“18.41 
-20.66 
=a2u.¢ 1 
=-<1.09 
=20. 16 
-21.20 
=ee.01 


“22.39 
“21.56 
-28. 32 
-28@.12 
-19.98 
-19.94 
-280.64 
-23.88 
-20.07 
-18.6@ 
-24.73 
-18.67 
-17.85 
-19.68 
-21.99 
-17.8@ 
-28.35 
-17.93 
“22.29 
-17.80 
-28.38 
-28.68 
“19.29 
“19.76 
-19.68 
-19.04 
-21.46 
-28.90 
-28.61 
=Z21. 53 
-17.61 
-19.24 
-20.04 
-19.73 
“22.92 
“19.64 
-19.88 
-20.35 
-19.89 
-20.10 
-~20.61 
-18.62 
-19.26 
“21.22 
-21.48 
-20.19 
-20.41 
-22.18 
-28.93 
-22.39 
“28.12 
-20.64 
-18.62 
-17.35 
-17.88 
-22.29 
-20.68 
-19.68 
-28@.9@ 
=a 6 1 
“19.73 
-19.80 
-20@.18 
-19.26 
-20.19 
-2@.93 
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TABLE V (cont.?) 


220.15 
-24.41 
alien ) 
=aeued 
-21.94 
Scie OS 
-22.94 
=27.28 
“22.28 
=eeso3 
=26. 06 
=20.93 
=o oS 
~2iliet & 


. ~23.45 


-19.48 
-22.42 
=19,-32 
-24% 98 
=l9. 31 
Seen 23 
-22.88 
= 213 
a eed 
~21.04 
-28.99 
23 ol 
=23.<3 
=225 90 
-24.05 
Soe 9 
cal AO reg 


=2e013. 


-21.69 
-25.85 
“21.58 
=21.e 
-22.43 
-21.84 
~22.-20 
-22.86 
=z. 26 
=o le 
~23.68 
-23.95 
ee SS 
-22.70 
“24.95 
-23.24 
= 296 1 5 
“Z2.e3 
-22.94 
=20 403 
“19.55 
-19.43 
-24.98 
-22.88 
-21.64 
-23.23 
-19.29 
-21.69 
or ard 

-22.20 
a ae ae Od 
-22.35 
-23.24 


-39.70 
eis Kg 
=S3 528 
-39.5@8 
=39.91 
pee a) 
-39.34 
-39.68 
-39.35 
-38.63 
-39.78 
-~38.98 
=-38.88 
eS o.e9 
=39,61 
=o eh 
=320.) 
=39. 0 
=39.03 
-39.76 
=69,..9 
32-73 
=39.66 
-39.41 
=39.ec2 
-38.97 
=39.66 
-39.47 
-39.34 
-39.54 
=35.73 
=39.26 
-39.45 
= So. (60 
=39.78 
=39.64 
-39.88 
=J9.¢9 
=J9 5.00 
-39.48 
-39.48 
=39.5¢ 
-39.34 
=39.39 
=Jo0 33 
-39.34 
=395)1 1 
-39.350 
=39.59 
= Soe 
-39.50 
-39.34 
-38.63 
-38.88 
=39.15 
-39.83 
=39.73 
-39.<2 
-39.47 
-38.73 
=3 9669 
=-Jo,c09 
-39.48 
-39.34 
-39.34 
=39.09 


=elsce 
Sogo 
=18, 06 
=22. 30 
=23.01 
“19.03 
=13.690 
SG ea 
=19.993 
hos So 
~16.14 
=18. 96 
so. 90 
-20.14 
-22.34 
2201? 
-32.74 
-27.46 
-26.84 
-34.14 
@23 not 
=26. 0 
=Z2( sor 
ae ln 
-19.48 
=19. 85 
-22.67 
-20.04 
me erie 
=19. 96 
=\9uae 
=20. 2) 
=21.99 
-26.43 
=23.16 
-26.42 
=36.101 
-29.41 
= 2 lore i 
Helos 
=20. 90 
=25.61 
A ee, 
=15.e5 
=16,. 61 
-19.64 
1654: 
se igre 
ee, 
=21.62 
-22.30 
= 13700 
a Che. 
=19.,98 
=2enao 
-26.84 
=26aio 0 
=19.438 
-203.04 
=O ere 
-26.43 
=36,. Uli 
~21.96 
2 ene 
-19.64 
=£ecns 


88.95 
89.19 
S22. 
89.48 
89.55 
89.76 
89.85 
98.060 


Telit 4 
=13. 20 
-29.56 
-20.66 
-20.16 
=e¢l.71 
-28.66 
-20.66 


TABLE V (cont. ?) 


-20.64 
=17,580 
=17. 00 
ie os arg 
=19.25 
-20.64 
=219 273 
st7.rs 
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22.94 
=19.4'3 
-21.64 
Sate? 
=2lel? 
-22.94 
al. o> 
=21,.69 


a hee RE 
= 39S 
= Soars 
=3 9.59 
-39.34 
“39.34 
=39. 09 
=39. 65 


=19'.. 62 
een? 
-19.48 
-26.43 
os Ce 

=l3. 09 
-26.43 
-26.43 


TABLE VV? 


PRINTED OUTPUT OF RETURN LOSS FOR 15 @aB ATTENUATOR WITH 
SHORTED OUTPUT USING SCHOTTKY BIODE DEReere, 


DEVICE UNDER TEST < 15 dB RITENURTOR WiihesHuRy 


Frequency Return Max Ret Min Ret Uncer S2c 
(GHz> (dB) CdB> (dB) (dB) CdB) 
630.09 -19.,0% Silas =20. 90 =S9.02 “16.70 
68.15 =2¢. 91 “25.54 -29.30 sh aries] =e or 
68.39 —2be) 3 ~24.47 “25.17 =39. 60 ='6.18 
68.45 =2fc2l 29.09 = an) ee (E] -39.88 -18.03 
68.68 -38.54 ~28.08 -34.14 =J33ece -19.95 
68.75 =2omt So =27.14 -32.54 =39.06 6726 
68.98 =22.05 29.0 9 -38.48 = 3 Fierce =13.63 
61.985 =2016 05 -24.24 fc 3 -39.66 “16.35 
61.29 =24..99 -23.48 =-26./2 ~39.62 =e 0 
61.35 =26n.r< =24, 90 (728.92 -39.74 =e. 90 
61.59 -30.36 =27.86 =33. 70 =39 300 “16514 
Cl.o5 -26.08 -24.37 -28.02 =39.60 -16.59 
61.89 -24.82 = 23ST -26.56 -39.63 =l7.c2 
61.95 Co be) 2s 33 -29.45 =-3 9.3 1 =1s. 76 
62.18 Se aee =2h ooo of.) =39.04 ={3- 51 
62.25 “23.54 "2eeeo -25.04 =39 647 ~ oe 2S 
62.48 23. (met -22.43 -25.23 =3963 =19. 79 
62.55 meArggel) =e2sao? = 30.011 =39. 9) =l9e 70 
62.78 =31 #39 =2o.1c Je to 239593 =-18.96 
62.85 ede ne $29.32. =20 2.07 =39..°9 -280.14 
63.80 =23.e3 =22.0 1 -24.64 39.09 =2ie oe 
63.15 -22.46 =2)3.32 -23.78 = Sa -19.34 
63.39 =26. 93 =24.83 -28.63 =3I9.c0 -22.34 
63.45 =31.94 -29.084 =36.133 =329.70 27-20 
63.68 See Oc -24.12 ~Zfs 90 -39.85 25.00 
63.79 R2oas0 =-23.34 we2rale 239 01 “Zee09 
63.90 -<8.61 eee ~ore oe =39.72 =23.86 
64.85 ~ So oS =seeo -“90 221 -48.00 -30.18 
64.28 =2001 { =26.1 9 =sOn67 Soar 32.74 
64.35 = 24,69 -23.38 -26.35 =39609 -28.42 
64.50 =Z23.59 =2en29 =24, 98 =39..00 bade 1 (=| 
64.65 -24.38 “22.97 =2o.c? =32.06 =273.45 
64.890 = 2 giao Tee oS =O o2 ped WAG ~34. 14 
64.95 =J5. 01 =Sl.13 =42.21 cela cls, =Si.o3 
65.18 -34.45 woUs.« © -40.99 3 oo -26.34 
6o.22 @20.. 92 =252 99 -30.42 =3909 3 -28.49 
65.49 -24.81 -23.41 -26. 49 =397 92 =3130 
S35. 99 -24.21 =e 90 =25. 16 =39 -34.14 
65.78 =26511 3 =24,52 =2o 2 =39 30 -27.68 
65.85 =25 6103 26.66 =30c07° =39 693 23.36 
66.08 =29 00 ¢ -26.88 -32.88 =SI293 =2o.00 
66619 =S2e0e -29.45 met arc ))| =S39 20 Tenia 
66.38 =“Sa.06 =-31.60 -44.03 =39)..99 =29..02 
66.45 ae eras ee =2lece =e 95 0 =39 92 =2oa2 
66.68 =23% 95 -22.66 -25.49 -39.86 -24.57 
66.75 =23.26 =22.09 =24.67 =39.'9 -24.84 
66.98 SoS —2e le = =S 9190 =a 
67.05 =Soeor -31.48 =435097 =39.9¢ =22.74 
67.20 2299S -27.54 =33.25 = Jone =e laiae 
6f.30 29.04 =“2facse = S32 ec sone 2a? 
67.58 -34.04 -30.48 -46.17 =39% 2) =a 
67.65 -30.48 Zia -34.06 = Soo -18.62 
67.88 wee oe -25.64 =290 93 =-39 604 -19.48 
Scta95 =e -24.19 =21.69 = 2990 > -20.84 
63.10 -25.44 =23.92 =2' 230 =39.76 =19 93 
63.25 ~26.24 “24.58 eC se =39\..0o =13.00 
68.40 -28.04 -26.06 =30. 1 =39. 87 =e. lig 
68.55 =31.29 =20.100 =335...29 =39 093 -19.43 
68.70 -34.20 =-30.60 -40.47 =39.95 =22 6 
68.85 -34.66 =30)..90 =41.45 “39.96 =22ou 
69.00 =e S =32. 50 -48.66 =3 Je -21.56 
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6955 
69.30 
69.45 
69.60 
69.75 
69.90 
70.05 
70.20 
70.35 
70.50 
78.65 
70.80 
78.95 
71.10 
wiles 
71.40 
71.55 
mie ice 
21. 85 
72.08 
72015 
72.30 
72.45 
72.60 
2005 
72.90 
73.05 
73.20 
73.35 
73.50 
73.65 
73.80 
73.95 
74.10 
74.25 
74.48 
aS 
74.70 
74.85 
75.00 
75.15 
75.30 
75.45 
75.60 
75.75 
75.90 
76.95 
76.20 
76.35 
76.50 
76.65 
76.82 
76.95 
77.10 
77.25 
77.48 
77.55 
uee7O 
7.85 
78.00 
78.15 
78.30 
78.45 
78.68 
78.75 
78.90 


=-<29.14 
=e sc 
=Z6.00 
-28.72 
= 2B | 
=2ouo? 
=S eno 
-27.46 
-24.35 
24.56 
2a 
-32.04 
-28.72 
meee 
-30.81 
=31l.53 
S20 ¢ 
-34.00 
=A ts J) 
ses. 3 1 
-24.99 
-34.99 
=-33.37 
S25 23 
e209 
~e9.6. 
=ac.o? 
=29.¢8 
-28.75 
=23, 90 
~30.84 
=33.29 
Jee cS 
-30.25 
-28.50 
=—28. 56 
-30.05 
Sees 
-29.94 
=31.7¢72 
=39./8 
26.62 
-25.84 
a coe Wd 
-31.45 
20.30 
-26.54 
-28.62 
=-34.22 
-30.92 
=30.60¢ 
=33.07 
=S1 94 
30.19 
segseo 
-29.06 
=238\.70 
=29.79 
=30..85 
=33.18 
-34.87 
= sain 9 
-34.36 
-30.29 
-28.30 
to) a ae ar g 


= eile ee] 
-24.64 
-24.84 
-26.60 
-26.74 
dl Se 4 
-29.45 
aie o 
=e2euor 
=23.15 
-25.64 
e227. 10 
-26. 69 
Sendo 
-28.21 
-28.74 
=-26.65 
-30.47 
=2o.69 
eeewus 
=23."04 
=Sl ett 
-30.04 
etre 
Bem. se 
-27.34 
S26. 76 
-27.44 
-26.64 
-26.44 
-28.24 
aoe 93 
~e2oeet 
-27.80 
-26.43 
-26.48 
-27.04 
Reo wse 
Soo 
Seow 
=30,9¢ 
-24.98 
~24.26 
sl. 19 
-28.68 
igure | 
-24.84 
~26. 02 
-360.60 
=2o.2c 
-28.10 
-30.30 
~e7wOe 
=204 04 
-27.04 
-205.86 
20.00 
ieit «Fe 
=28.22 
seo. 29 
=31.03 
Sole «4 
=o. 0s 
-27.82 
=26.26 
we oe oO 
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TABLE VI (cont.) 


=O 5.1 1 
=26.35¢ 
=23.07 
=315,04 
Sel! 
=e) 
—S¢m > o 
eeowo 
-26.08 
-26.23 
S29. Je 
Seige) 
“31.53 
30.525 
-34.54 


" ©35.6? 


=o li. 
-40.07 
-29.94 
eae 3 1 
eo. Co 
“42.18 
-38.84 
ater +4 
S26 2 
woes oe 
=31.74 
-32.98 
=31529 
Souae t 
-34.58 
=38.52 


SiG te Ie 


-33.68 
-31.20 
-31.29 
-33.41 
-35.20 
-33.24 
-35.98 
“41.72 
-28.75 
-27.76 
-42.52 
35755 
-29.73 
-28.67 
-31.42 
-480.52 
-34.72 
-34.34 
-39.63 
-36.35 
-33.62 
-32.31 
-32.00 
-31.5?7 
-33.06 
-34.64 
-38.53 
-41.93 
-44.57 
-41.89 
-33.76 
-30.98 
-32.16 


=39. 70 
=39. 32 
=o Ge 
=39,0¢ 
=JonoS 
=J9, ce 
oii as Vie b=) 
239.03 
239053 
=s96or 
=39.90 
=39.95 
=39.09 
=39.8S 
=39.99 
ote eres 
oo) a Pa 
=39.98 
Sores 3 
=39.73 
-39.76 
oo. 9o 
=39.99 
=37 596 
396 0° 
a3, 96 
aos. oo 
=—39. 99 
ais IS 
ei JP Rs) 
Soe ee Re 
e239. 99 
=39.99 
239.98 
39,93 
=3o 591 
ee 
=a7.95 
asa 92 
=39.95 
oe oe 
ee Ig = 
=JI9.00 
ce Wd 
=39.95 
=39.3¢ 
=239.01 
Ci Jens Ig 
eels 
wet ie JA: PP 
239.91 
395 oo 
soo. Je 
=32.93 
=o9. 39 
=39.83 
-39.90 
239.065 
=39.388 
=39.93 
239, 26 
=39.98 
Sh Oe rg 
=39.94 
gos. oS 
=39.88 


~20.04 
-20.75 
-20.34 
-18.72 
=7420 
-16.94 
-19.96 
-19.40 
-18.61 
-19.2 

-20.20 
-20.54 
-20.75 
-21.55 
-23.33 
-21.59 
-22.86 
-24,26 
-26.43 
-24.08 
=21.11 
-23.16 
=26.21 
-27.08 
~26.42 
-26.42 
-33.74 
-36.01 
-29.41 
-28.06 
-29.41 
-30.82 
~38.73 
=o 21 
-25.40 
-22.78 
-21.96 
-21.39 
-25.71 
-20.90 
-18.49 
-22.09 
-25.61 
-20.29 
-21.92 
=P see 
-19.85 
-19.a3 
-18.05 
-13.96 
=e.63 
-16.81 
-17.29 
-21.893 
-19.64 
-19.25 
-21.32 
-16.41 
-15.42 
-15.84 
-17.55 
-21.49 
-20.60 
-22.23 
-17.48 
-18.65 


{9505 
79.20 
LIeSo 
79.50 
(aor Ions) 
79.88 
ioe ope he) 
88.18 
88.25 
80.40 
88.55 
88.70 
80.85 
81.008 
81.15 
81.38 
$1.45 
81.60 
Siscl 
81.90 
82.05 
82.20 
82.35 
82.50 
82.65 
82.80 
82.95 
83.18 
S3e2o 
83.48 
83.55 
83.7@ 
83.85 
84.00 
84.15 
84.38 
84.45 
84.69 
84.75 
84.90 
So005 
85.29 
SS.35 
SS. 00 
$5.65 
85.80 
So. 95 
86.18 
86.25 
86.40 
86.55 
86.70 
86.85 
87.09 
S¢.15 
87.38 
87.45 
87.6 
= rare 
87.90 
88.05 
88.20 
88.35 
88.50 
88.65 
88.80 


—Siee t 1 
eeo.2? 
Beoo.ce 
=29.63 
a ee 
-28.29 
-29.56 
-27.41 
=s0, 34 
=2o. Gc) 
=30 36 
pa (a) Oke) 
Be ist 2 
2 ee 
=20. 0S 
=29. 39 
=26 1 I 
-24.30 
-34.45 
“24.21 
-29.907 
=27¢.6 11 
206.06 
-29.64 
mre Oe 
-26.24 
-34.20 
-29.14 
-28.72 
= 32.3 
-24.56 
=23.¢2 
=S1 03 
24 aw oD 
=34..99 
=29'5603 
-29.78 
-30.84 
=s0020 
=sanao 
=“Sl.s¢2 
-25.34 
-27.38 
-34.22 
—3o00 
=236<23 
Seo aro 
=34.07 
-30.29 
=37 01 
25.03 
22. 36 
=eo+S0 
=2306 

“29. 30 
-34.45 
=e Ge tl 
ve CAT roe 
~29.14 
-24.56 
=e SO 
22043 
-30.95 
=2 0530 
sr’ ears 

= 3002? 


-32.7 

ee oT 
-26.98 
-26.53 
-26.19 
-26.25 
-27.25 
“25.54 
-28.00 
-24.24 
-27.86 
-25.33 
“22.43 
-24.32 
-24.83 
-23.84 
-26.13 
-22.97 
-38.77 
ae IO 
-26.88 
Zoe oe 
“24.12 
~27.32 


=25.64. 


-24.58 
-30.60 
-26.93 
-26.60 
2908S 
=23.15 
-26.60 
-28.74 
-25.68 
= S10, 1.1 
-27.32 
-27.44 
-28.24 
-27.80 
~27.64 
-28.87 
~24.26 
=2o. oS 
-30.68 
-38.30 
-27.04 
-27.42 
-31.903 
-27.82 
=325 05 
oda =) eye 
=272e0 
-24.24 
“22.43 
-23.84 
-30.77 
-25.32¢ 
-25.64 
-26.93 
=—2 56 15 
-25.68 
-27.44 
-27.64 
mi Siglo 3 
-27.04 
-27.82 
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TABLE Viv Gcenv.> 


-28.31 
~40.47 
=Si26 | 
-31.54 
=Sis oo 
=26.23 
a) Weyme 


-35.67_ 


See. oF 
-42.18 
=32.¢9 
=3<2. 99 
=34,05 
=33.50¢ 
-33.41 
=30 20 
<2. 
=29 73 
“40.52 
=39. oS 
=32,7 31 


= Seo 
=39.94 
-39.88 
=oo. 91 
=395 91 
-39.86 
= ZG 
= Soe oD 
=39°.92 
=39 156 
=39. 38 
=o oo 
=39.63 
=39.73 
=37..895 
=Soe 6 1 
=39.97 
=39.. 86 
=395 99 
=39.94 
Soa 23 
=39.92 
=3 25 90 
rae i: 
-39.34 
“39.75 
S3 9099 
= 39320 
39. o¢ 
=39.95 
=39.607 
=39, 99 
=32.9 5 
=39. 93 
=39. 95 
=39.96 
=39, 92 
=S7.93 
=32.98 
239.93 
=39,. 95 
=3 oe oS 
=S9.oC 
=39.96 
239620 
=39.59 
=39.00 
=39.96 
-39.94 
239.99 
=3 95.91 
=39..39 
=—S 2g o 
=39.59 
=37.91 
=S9.99 
ec ees 
-39.384 
=39. 90 
Se JAig 
=391,93 
=39.99 
So9..93 
Sse or 
=s9.o9 
-39.94 


=e woe 
-16.49 
=13. 56 
—2erse 
= 2300 1 
=139—03 
= loa o> 
= es oC 
=19..93 
=16%. 30 
“16.14 
=13.96 
=19.99 
-20.14 
-22.34 
“e260? 
-32.74 
-27.46 
-25.84 
-34.14 
S256 90 
=26.55 
27.60 
=Z1s. 59 
-19.48 
-18.05 
ee. OC 
-20.04 
=e. C2 
=e 25 
=Ponee 
=20.°9 
2.59 
-26.43 
225.16 
-26.42 
-36.01 
-29.41 
Sislea eh 
#215 96 
-20.96 
£506 1 
Salis Ce 
=o. 8S 
=16.e1 
-19.64 
-16.41 
=o S 
-e2eues 
=Z21.02 
wee. 50 
=13.65 
=6.3s0 
=19. 90 
See. So 
-26.84 
=26%.) 0 
=19.4¢5 
-20.04 
ee ee 
=Z26.4 9 
s30. 0 1 
21. 96 
3) ars 
-19.64 
S2enes 


83.95 
89.19 
S9.<5 
89.48 
So. 
89.78 
$9.85 
98.08 


=29<05 
Sele so 
Seni ae 
=r. Jo 
me oO 
=e. 30 
=e. D2 
=2/ . eo 


TABLE VI 


peewee 
-23.84 
-25.64 
ads oo 
=25-. 3 
aoteeS 
=259.68 
=22.08 
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Ceont. ) 


=3 9.07 
=39.31 
-39.384 
S397 
=39.8¢ 
=e 
=32.93 
=o9.93 


=13.65 
=e26 09 
=19.48 
-26.43 
=Z2lece 
Bie.65 
-26.43 
~26.43 


TABLE VII 


PRINTED OUTPUT OF RETURN LOSS FOR 18 dB ATTENUATOR WITH 
SHORTED OQUTFUT USING SCHOITEY DIOBE eareete. 


DEVICE WNDERF TEST ° 18 SB HI TENUHIOR ee onord 


Frequency Return Max Ret Min Ret Uncer S22 
(GHz) (dB? (dB) CdB> (dB> CdB> 
60.08 “20.23 ~19.34 “21.34 -39.18 “13.70 
68.15 “25.04 -23.56 “25.33 -39.65 SLi a 
68.39 “27.32 -25.46 -29.70 “39.75 -16.18 
69.45 ~-30.32 “27.83 -33.83 “39.98 -18.03 
60.68 “32.01 -29.08 -36.47 “39.95 ee 
63.75 -34.08 -30.51 “40.25 “39.95 -16.86 
68.90 -30.07 “27.63 =33.46 -39.86 =9.623 
61.05 -283.61 -26.50 =3 41 oo e -16.35 
61.29 -27.34 -~25.48 -29.72 -39.78 —hre2o 
61.35 -~27.84 “25.23 --29.32 Seis )e Tele) -16.9@ 
61.598 -27.61 “25.69 -360.0/7 =39.77 =o 14 
61.65 -26.32 -24.64 -28.42 -39.7@ -16.59 
61.89 -26.50 -24.79 -28.64 =39.7 — 7.2 
61.95 “31.31 “28.57 =~ ooo o =-39.93 -13.96 
62.18 ~23.94 ~-26.77 -31.84 =39,97 “18.51 
62.25 “25.81 -24.21 “27.77 -39.69 =l7.20 
62.48 -25. 46 “23.93 “27.32 Nee) es 032) 5 S15) 
62.55 -26.93 -25.16 29.17 -39.83 -19.98 
62.70 =—2o.24 ~=206 2. — Jeno? aso -~18.56 
62.85 -26.905 -24.42 -28.905 -39.79 -20.14 
63.00 -24.86 ed ra =—26, 02 =39.7°8 21.92 
[5 ew ~24.16 eee ol -<S.¢9 -39.67 -19.34 
63.390 -26.41 -24.73 ~28.49 =—3 9702 -22.34 
63.45 -29.3@ -27.96 32641 ~39.96 -27.28 
63.69 ~27.64 =o =—30.07 =-39.91 -24.17 
63.75 -28.32 -26.29 =-30.97 -39.91 =<22e.J9 
63.990 =3<.61 = 29 peo) -37.48 -39.97 -23.86 
64.05 -38.83 = 33 007 -S56.84 -40.00 =30. 19 
64.20 -23.88 Ter aroe “33.13 -39.98 -32.74 
64.35 -26.31 =25.0¢ ~28.98 =—29 3.93 ~<2<8.42 
64.50 -~25.72 -24.16 ~27.61 -39.88 -25.61 
64.65 =26. 35 -24.68 ore at =e “27.46 
64.34 -29.22 -2/.01 -32.18 -39.98 -34.14 
64.95 “32.94 -239.75 “33.05 -39.99 -31.83 
65.18 -33.883 -30.28 -39.81 ~39.98 -25.834 
6$.<¢5 -29.809 -26.90 -32.02 -39.96 -28.49 
65.38 =26,. 65 -24.93 “23.74 -39.95 =e SI 
69.99 -26.56 -24.838 -2<3.65 -39.96 -34.14 
65.79 -23.60 $265 02 -31.34 -39.95 -27.60 
63.85 -30.76 -28.17 -39.95 -39.96 “25.56 
66.00 = 31.07 -28.48 -34.94 -39.96 =2S6 ot 
65.15 “31.53 “28.74 “35.66 “39.97 -25.10 
66.30 -30.°2 -28.15 -34.39 = ee -29.02 
65.45 -27.68 -235.73 =30.11 -39.93 -26.55 
66.60 =2o. or -24.12 =2r awe —379 06 -24.357 
66.°5 =Zioe es -23.75 -27.02 -39.84 -24.04 
66.99 a ae a -25.430 -29.49 ~39.93 ~2¢°.67 
67.05 -32.30 ~29.65 =37.8S2 ~-39.97 =22.;4 
67.29 cI es: -29.990 -33.49 -39.96 aes 
67.35 “33.54 “3061 2 =39 17 -39.97 =21.59 
67.50 -4$0.59 -34.26 -120.80 =e). hs) “17.09 
67.65 -33.°93 -30.32 -39.665 =39'.96 -13.32 
67.830 =30.07 -2,.64 -33.44 -39.91 -19.438 
67.95 ~2°.39 ~25.994 -30.41 -39.837 -20.834 
63.19 -2°.393 ~<eu. 374 -30.42 -39.865 -19.38 
63.25 ~23.6¢ -26.51 -31.4@ -39.85 = sg le 
63.40 -30.29 -2:.e1 -33.7r°r “39.92 Be 3 Os 
68.55 -34.03 -30.48 -49.14 Sisls SIS =19\,43 
63.70 =—36.19 -31.386 -45.21 -39.98 ie ee 
68.35 -36.36 —o2 726 -47.24 cts) SRE) ~2e.89 
69.00 -34.48 -30.783 -41.07 =39.97 me le 6 
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TABLE VII (Ccont.?) 


2.15 = 70.00 ee | oe 2 1 = ise -20.064 
69.38 eon oe Ewe 2 =30). 9? =39.395 awa 2 
69.45 -28.54 ~26.46 =31.29 =37.33 -20.34 
69.68 ~31.44 ~28.66 See =39.93 =lSa re 
69.75 ~30.82 -28.20 -34.58 =-39.90 rea) 
69.90 SoOsor ars S6 -33.90 =39.99 -16.94 
78.95 meat < et. 3S awe. 4 ed Se ae =19.96 
78.29 -27.74 poo. oe 730.22 -39.89 -19.49 
79.35 poomes Peaer pesec? S39. 176 Suis (ial 
78.58 -26.89 =259.95 -29.08 -39.8@ SE earls 
70.65 oO. or Secs or pao. SS mie eas -20.28 
78.39 -sco.20 =39.07 = 813.26 S399 9 -20.594 
78.95 moewe 7 =20. 31 =39.62 =i ele =e0l.ro 
71.19 ~30.33 =f. oo =33.382 =o 2S Cay rea) 
71.25 -~34.61 =30'.87 - “41.34 -39.98 Bese oS 
71.40 Sst 3 meee rt -350.61 =396 99 elise o 
fiero o ae Ae =2?.99 Sas). (1 239097 =Ze.s8 
71.79 ~38.22 -33.04 =e. 91 =39.99 -24.26 
COGS ee = ls ee =eruae -33.907 =39.96 -26,.43 
72.90 seen t 1 ~24.15- eae | =-39.86 -24.08 
f2.15 -26.62 -24.98 =258°6 -~39.84 sei. ii 
°r2.30 =o2.99 eee =37 «99 = ers seselS 
72-45 =36.25 =31, 90 -45.36 =39.99 -26.21 
72.69 32.03 -29.67 -37.84 =39.98 -27.88 
(2.75 =30. 39 =<) es | -42.89 =s9.9? -26.42 
72.98 Se ag -30.94 aoe oo =39.99 -26.42 
7o.0S Sa 3.6¢ 2 -38.39 239 =o. 99 -33.74 
73.20 =3 05 6 -31.49 =43.57 -48.00 -36.91 
73.35 -32.45 -29.48 =3r.138 =39.98 =29.41 
73.99 ~32.08 =e2o.14 ~36.56 =O9.98 =-28.06 
Oe As) ~34.67 =30.91 . -41.494 =39. 99 -29.41 
73.80 =3>.9° EIS ie Ne} =70.8e -40.09 =J0..c2 
Pee ales) -40.79 -349.36 -1290. 09 -49.90 =30.73 
74.18 333.91 =30.4! -39.36 SET de) i Ear | 
74.25 =352.<6 S2oeet Gro 7 Sie ae ad -25.48 
74.49 a3 4 1 -30.06 SOS6 9 | S59. 3 y See.i 3 
74.55 Boo. OS =31 46 -43.48 -39.98 =21.96 
74.79 -40.14 =34.05 -120.00 =39, 99 =21.89 
74.85 air. 1 O oes 4 1 ~-48.907 SEG ok =eae Cl 
75.88 -35.64 ee a Ps -43.74 =39.98 -29.98 
74 = ioe ee) = gS =33.87 =fe.42 2309.99 =15.99 
(a. 30 meoguat -27.04 =32.29 Boose =22,09 
75.45 -28.06 -26.08 ~39.61 oo. oS =20.61 
735.68 =35. 00 -30.16 -39.20 =39. 96 =20.,29 
(o.19 =o3.99 ~38.95 ~38.89 =39.97 -21.32 
735.99 “30.22 -27.76 =33.66 Boo. 7S Gel.cre 
76.85 =29:.41 =ersl4 =e. 49 39. 90 i) Ue Sat = fe) 
76.28 =31.e3 S20. oS =36.16 =39.94 -19.03 
(0.30 -40.68 =34.31 -1208.00 He os rae ee] =18.05 
76.50 =36.<¢9 231.89 =43.39 =s7.,99 2.5. 96 
76.65 -36.93 =31.76 -44.77 =39.97 =18.63 
76.39 -41.99 -34.69 -120.00 = S19 =16. 91 
76.95 ot. o | Soe. 09 =30.U05 =39.,99 2 | Fi easy 
77.19 -34.66 =30), 90 -41.95 =39.98 =215.89 
tees =ae.ts 229.63 S37.0¢ moo. 29 -19.64 
77.48 =32.90 =29.794 =33.08 =39.95 = 1929 
4Csad2 =se.03 Set. Ie mi Site O)1 -39.96 =21.90 
77.0°8 Soo. .5 =U. Lit a = “39.94 a 16 id 
(evar) = Cara) sou. 1 =31.54 Sik ie be -15.42e 
78.98 =a ws? Sac D0 =a9.51¢ 239597 =15.34 
76.15 =—37.84 —32.53 Sol. Or =39.98 alia oo 
73.38 -42.43 meek S -120.00 -48.08 =21.¢9 
78.45 aoe. iS =3o.04 =o. 87 eso. 99 -29.60 
78.69 -34.78 So's 97 =41..71 eo. 98 meewes 
(2.05 =31.62 moa oO eco. oS Sao. Je -17.48 
78.98 =—s2.16 Se =SO.(2 =39.94 =19.60 
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TABLE VII Ccont.) 


79.85 -38.32 -33.09 -53.47 -39.99 
79.28 -36.18 -31.35 -45.21 -39.97 
79.35 =32.92 -29.? -33.04 -39.95 
79.50 Sei 4 -29.18 -36.67 -39.96 
79.65 -30.71 -28.13 -34.38 -39.95 
79.80 -31.20 -28.49 -35.16 -39.93 
79.95 -31.65 -28.82 -35.88 -39.93 
83.10 -25.04 -23.56 -26.83 -39.65 
$9.25 -32.01 -29.08 6047 -39.95 
88.42 -28.61 -26.58 -31.41 -39.32 
30.55 -27.61 -25.69 -38.07 -39.77 
38.78 =31'. 31 -28.57 -35.33 -39.93 
80.95 -25.46 -23.93 -27.32 -39.75 
81.02 -26.95 -24.42 -28.95 -39.79 
81.15 -26.41 -24.73 . 728.49 -39.85 
81.32 -28.32 -26.29 -30.97 -39.91 
81.45 -29.88 -27.52 -33.13 -39.98 
31.69 -26.33 -24.68 -28.37 -39.91 
81.75 -33.88 -38.38 -39.31 -39.98 
81.90 -26.56. -24.38 =28.465 -39.96 
82.25 =o a7 -28.40 -34.94 -39.96 
82.20 -27.68 -25.78 -30.11 -39.93 
82.35 2k -25.48 -29.49 -39.93 
82.50 -33.54 -30.15 -39.1? -39.97 
82.65 -38.87 -27.64. -33.44 -39.91 
82.89 -28.62 -26.5! -31.42 -39.85 
$2.95 -36.19 =o c6 -45.21 -39.98 
83.10 -30.38 -27.88 -33.91 -39.92 
83.25 =31.44 -28.66 -35.54 -39.93 
83.40 =29.72 -27.38 -32.94 -39.91 
83.55 -26.89 . -25.05 -29. 32 -39.30 
83.79 aa907e -30.31 -39.62 -39.97 
83.35 -37.75 =22.77 -S5Q.61. -39.99 
$4.00 -29.83 27.47 -33.07 -39.96 
84.15 -32.98 -29.72 -37.99 -39.97 
84.30 -35.398 -31.31 -42.89 -39.99 
84.45 -35.58 -31.49 -43.57 -40.00 
84.62 aac e -30.91 -41.44 -39.99 
84.75 -33.91 -30.41 -39.86 -39.99 
84.99 -35.53 -31.46 -43.48 -39.98 
85.05 -35.64 -31.52 -43.74 -39.98 
85.28 -28.06 -26.08 -30.61 -29.93 
85.35 =36,22 -27.76 -33.65 -39.93 
85.58 -48.68 Sach -120.29 -39.99 
85.65 -41.49 -34.69 -128.08 -39.99 
35.82 =32.78 -29.63 -37.78 -39.95 
35.95 -33.58 -30.17 -39.26 =39.94 
86.10 437-84 -32.83 -51.87 -39.98 
86.25 “34.76 =30,97 -41.71 -39.98 
86.48 -38.32 -33.09 -53.47 -39.99 
86.55 =32.14 -29.18 -36.67 -39.96 
86.78 -31.65 -28.82 -35.88 -39.93 
86.35 -28.61 -26.50 -21.41 =49162 
37.22 =2S46 -22.93 227532 -39.75 
s7.rs -28.32 -26.29 -30.97 -39.91 
37.30 oo ee =30.38 -39.31 -39.98 
87.45 -27.68 Snows: Bogert -39.93 
97.60 = 26702 2764 -33.44 -39.91 
87.75 -30.38 -27.88 -33.91 =39.92 
87.98 -26.80 -25.35 -29.80 -39.30 
38.85 -23.33 -27.47 Sten tes =39.,96 
88.20 -35.58 -31.49 a2. 57 -38, 20 
$8.35 -35.53 -31.46 -43.48 -39.98 
83.50 -30.22 =27.76 -33.66 -39.93 
88.65 -32.78 -29.63 -37.73 -39.95 
38.88 =34.79 -30.97 a ra Sele Gr 


$3.95 
39, 19 
89.<5 
89.46 
hele ses 
S979 
S93. 80 
96.86 


=31.63 
-23.32 
-30.907 
releos 
-30\.22 
=o) OS 
eee. es 
-29.83 


TABLE VII 


-28.82 
=e0s. 29 
27.64 
=a e4/ 
= Zit © 
-28.82 
-27.47 
-27.47 
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Geont. ) 


=35.38 
=300 oc 
Soa o 
= Soa Or, 
~33.66 
=39.c9 
= 336 0'r 
Soa. Uir 


=39.93 
2 on 
239 st 
=39576 
=39.93 
=39.93 
=3 7.25 
=39.96 


=1e. 55 
Bey a Be 
-19.48 
=~26. 42 
=o ce 
=16.65 
-26.43 
~26.43 


TABLE [xX 


PRINTED OUTPUT OF -INSERTION LOSS FOR 0 @B ATTENUATOR USING 
SCHOTTKY DIODE DETECTOR 


DEVICE UNDER TEST 226 db RT TEMeRTOR 


Frequency Insertion Max Ins Min Ins Max Wn Min Une 
(GHz) (dB) KIB (dB) (dB? (dB) 
69.00 gat) <3 =. 26 wor ea or 
643.38 Sisal -.44 So Me eal oor ang 
68.50 =~. 35 ar) -.49 ot ea =o 
69.92 ris ALS) =-.9¢8 =. 40 vis eels) 
61.20 -.46 -.23 -.64 Fon ae: =. 18 
61.24 See, =.42 = rs ~16 Sel 
61.30 =n S56 ~.65 ~14 ae. 
62.19 = te ee le -.41 Ble: ~.14 
62.40 -.48 =. 36 Soil les: ae ie: 
62.78 eS -.37 , ice 5 eS) == 5: 
63.08 -.43 -.24 ~.61 ie -.18 
63.30 -.46 ace -.64 .18 lS 
63.68 -.41 eer t ire cl) ae a 
63.390 -. 41 =e =aon: sale Sie 
64.20 oe Ss oe ks: = 1S 
64.50 Se ne bs: =a o te =, 14 
64.30 eS = aD =. ou gle re he. 
65.18 Sec =.26 -.44 »09 Sa (ay 
65.48 -,60 =..00 =r me .18 =. 10 
65.78 -.48 SERS =. 23 5 NS: sks) 
66.38 =. 35 =.cec -.48 pan Wee =e lS 
66.30 -.43 eee: Baa » 10 =. 10 
66.58 -.38 es -.49 <1 -.10 
66.98 =. 35 =e res) <: pe, =, 13 
67.28 =.45 =a.30 aos 98 alate! 
67.58 =a o See: -.354 ~16 ~. 16 
67.88 ero, =2c aolers ~14 Se tc) 
68.190 ear -.24 “243 ~@9 25125. 
68.40 -. 34 -.24 -.44 19 =e 
68.790 236 ae =.45 - 89 =; le: 
69.08 -.42 —. 3 Seis: «oll =.11 
69.38 =e =21o -.47 .16 =~. 16 
69.68 =a oar =, @S 18 =..¢ 
69.9390 =_ oe re -,49 ol? Soles 
70.20 eee: = Us =e 2 Sl, 
78.58 -.42 eo -.S4 sls =i 
78.88 ere =. 02 =p ~14 So: 
ols 19 aed -.20 ee sel Slo 
71.48 -, 34 meee -.46 ey a eve 
ri,7d meee) = ae yn 10 a ee, 
(2.00 ead = =. ao =r A aa = eS 
fens ees 210g — ae] -.,18 
fewou Sec = 26 -.48 a lal mene 
72.98 See ae bore mr cre ee =, 10 
rec ie|2. -.46 = ob 06 »10 wo le 
Co. 20 a 4 Sry Ci OS -19 weer 
(ecetel” = 30 ES aca | . 98 -.08 
roa 10 =233 =f27 = 39 . 06 -.06 
74.48 -.44 Sse =.52 4s =.uc 
74.70 -.44 =. 50 ergs! 9 meri he, 
73.08 -.4@ =s24 =. 96 ~16 = 6 
75.30 a Se Saco Was me molec, 
Zoe oO -.46 StS =o oll Se 1h 
75.90 -.42 =, ce ole ae =, 10 
76.20 =.32 ae =. 42 -10 = le 
76.58 -.47 aoe =o ts 39 =, 09 
76.30 =soS aD) =.61 .08 eat] 
oe -.49 -.40 =. 33 aI, ae), 
77.49 aS -.d42 Sle) ~16 Ses 
er ered S| =. > -.49 -.78 18 =. 10 
78.98 =eo7 a6 =.69 a2 mete bed 
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(3.390 
73.60 
73.998 
79.28 
i 9.50 
79.30 
890.19 
89.49 
88.79 
81.90 
81.39 
81.69 
81.99 
82.28 
82.59 
82.89 
83.19 
83.498 
83.79 
84.89 
84.30 
84.68 
84.98 
85.29 
So.00 
85.89 
86.19 
86.49 
86.79 
87.98 
87.38 
87.59 
87.99 
88.29 
88.59 
88.898 
89.19 
89.49 
89.79 
98.98 


-.44 
EER: 
-.d4¢2 
-.46 
=. 09 
=H n= 
=r es] 
Saco 
-.34 
= 42 
=o 
-.45 
-.41 
=-.41 
= 
-.49 


=. 
-.947 
SS) 
-.49 
-.42 


= 30 
~S1 
233 
»43 
.3a 
- 39 
=, o6 
243 
~42 
48 
~42 
=. 
=.9 
=. 26 
= 4 
=.02 


TABLE IX (Ccont.) 


3G 
625 
e332 
33 
-.46 
-.23 
20 
ee 
-.23 
32 
48 
at 
520 
30 
seo 
733 
ise 
253 
38 
we 
214 
28 
17 
28 
139 
242 
34 
~e4 
cm 3 
-28 
cK. | 


= 0 
mE a 
=. 19 


=.05 
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=o 9 
-.51 
=.oS 
=, oF 


~11 
ee) 
| 
. 88 
- 99 
013 
ne) 
ao leL 
-19 
215 
213 
“Ls 
.19 
oll 
~19 
97 
- 908 
- 99 
~ 99 
lee 
225 
023 
-2<9 
~ 16 
~12 
- 19 
- 98 
~ 97 
~ 99 
~12 
. 99 
ar | 
-e4 
223 
.23 
-2l 
.1? 
216 


Tene 
=a Ss 


-.U8 
-.99 
-.13 
~14 
Ae 
- 19 
215 
~12 
»13 
~ 19 
mae 
- 19 
07 
. 98 
~ 09 
~ 89 
.{?7 


f=s25 


-,ce 
slo 
~16 
-12 
-18 
-19 
. 98 
. 97 
. 98 
. 99 
oa | 
~O9 
-<9 
ao 
-23 


» 
se 


sel 
s 17 


TABLE X 


PRINTED OUTPUT OF INSERTION LOSS FOR 10 dB ATTENUATOR USING 
SCHOTTEY DIODE DETECT Oe 


DEVWLEE UNDER TEST 3) 1h BESSA TENURT OR 


Frequency Insertion Max Ins Min Ins ax. Une Min Une 
(GH2>D (dB) (dB) (dB) (dBD (dBD 
58.00 -18.75 -19.43 -11.92 Bey -.27 
62.30 -13.47 -10.36 -14.53 ti -.11 
60.58 -18.13 -18.54 Secs .39 -.689 
60.38 -10.19 -10.10 ={bo2c 69 -.%9 
61.20 -10.156 -19.32 -15.38 Pid -.14 
61.59 -19.383 =10.21 -16.55 sale, = ir 
61.30 -10.46 -16.34 -18.58 mie -.12 
62.18 -10.34 -10.22 -18.46 palez idee 
62.48 -10.63 -10.47 -10.73 16 -.16 
62.79 -10.62 “160.43 | -10.76 hie -.14 
63.30 -10.54 -180.42 -10.66 sie -.12 
63.30 -10.42 -16.24 -18.59 mal g -.1? 
63.50 -10.46 -10.31 -10.60 ee -.14 
63.308 -10.47 -10.33 -10.51 Pie -.14 
64.20 -10.55 -18.53 -10.°77 . ie -.12 
64.59 -18.53 -10.51 -10.75 ile =, 12 
64.30 -10.65 -10.53 -180.76 alll -.11 
65.18 -10.59 -10.59 -180.79 ea) -.108 
65.48 -18.93 -10.83 -11.04 ole -.11 
65.70 -18.7 -10.65 -10.35 18 -.10 
66.00 -11.03 -18.94 =11411 89 -.a9 
65.30 =1{7i2 =11.01 ={1 22 19 -.18 
66.60 -10.39 -10.90 -11.09 10 -.10 
66.22 -10.31 -10.71 -18.90 .10 -.19 
67.20 -10.91 -19.35 -18.937 ao6 -.06 
67.58 -11.26 -11.16 =11s7 Bn i -.11 
67.39 -11.46 -11.34 =11,5¢ Tene: =, 12 
63.18 -11.34 -11.23 -11.44 lak -.18 
68.48 -11.46 -11.37 =-11.55 . 09 -.89 
63.798 -11.34 ={Vs22 =11, 41 . 87 -.07 
69.80 -11.46 -11.37 =11.55 89 -.39 
69.30 -11.40 -11.28 -11.51 a -.12 
69.60 -11.55 = te42 -11.67 13 -.13 
69.90 -11.49 =11.25 -11.62 13 Se EC) 
78.20 -10.31 -16.17 -10.45 we =.14 
78.58 -18.50 -10.41 -18.60 19 -.10 
78.30 -10.28 -19.18 -18.38 10 -.10 
7 leno -18.30 -1G.21 -10.39 09 -.09 
71.49 -10.49 -10.41 -10.57 a8 -.@a8 
Clare -10.44 -10.37 -18.51 97 -.97 
72.00 -10.44 -18.30 -18.58 Aiea -.14 
72.30 -18.59 -10.46 -10.72 13 =at3 
72.60 -10.61 -10.53 -18.69 98 -.88 
72.90 -10.67 -18.60 -10.75 67 -.07 
73.20 -18.81 -10.71 -18.90 .10 -.10 
73.50 -18.82 -10.72 -10.91 a9 -.09 
73.30 -19.79 -18.71 -18.37 08 -.08 
74.10 -18.80 -10.74 -10.36 06 -.06 
74.40 -138.82 -10.76 -18.38 206 -.06 
74.70 -10.61 -18.53 -10.7 .38 -.38 
75.00 -10.44 -19.31 -19.57 ale: -.13 
75.32 -18.58 -19.46 -10.7 ie = 12 
75.60 -10.37 -16.78 -180.96 a9 -.89 
75.39 -11.09 -10.99 -11.19 18 -.10 
76.20 -11.02 -18.92 =Tni2 .198 -.18 
76.50 ={1226 =11214 -11.39 a 13 -.12 
76.30 -11.40 =((t.2¢ -11.53 ic = 5 us 
rere as -11.53 -11.39 -11.66 ae -.14 
77.40 -11.43 -11.28 =41258 ae) =e 
rae -11.48 -11.32 =i, 5 ls -.16 
78.08 -11.65 -11.48 -11.31 Pilg = 47 
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73.39 
78.60 
73.90 
te dey Oa.) 
79.30 
79.88 
80.18 
88.48 
88.78 
81.88 
81.30 
81.60 
81.90 
82.28 
82.50 
82.80 
83.10 
83.40 
83.78 
84.00 
84.38 
84.60 
84.98 
85.20 
85.58 
85.80 
86.180 
86.48 
86.70 
87.80 
87.38 
87.68 
87.98 
88.28 
88.58 
88.80 
89.18 
89.48 
89.70 
90.08 


=ltaao 
-l\ eve 
“11.44 
=11.6¢ 
=o 
=1 1.60 
= Oa 2 
-18.31 
-18.94 
= vent) 
=11.05 
=1095 
=10.76 
=0.o 3 
=16.92 
=) 4.01 
710.99 
=11.08 
re eR 2 ial 
Ore 
-18.82 
-18.80 
-10.82 
-16.81 
ee li rs Vira 
T1is2e 
sl 2 
=l1. 20 
Siloco 
=11.23 
sa Wy oes) 
“11.42 
=11..356 
ol Vira} 
=ll.<2o 
-11.28 
a Wines 
sil-es 
= sie 
=11,96 


TLApiitaeneecomnt . ) 


=Tt.ou 
=o 
=tle2? 
=102s3 
eA Ta) 
-11.47 
=10.761 
~18.67 
-18.83 
=16.99 
=O. 20 
=10.79 
-10.64 
SI Tee 
-18.82 
=10.92 
“10.32 
=i ).01 
=10.92 
-106.56 
SOs Dic 
-10.61 
-18.69 
Sl O.67.3 
le lO 
“11.20 
ih Ve a 
eile ts 
a eae 
Uo We br 
Slt 6 oe 
=11..33 
-11.42 
=i. tt 
vote te Ure S| 
Ae bod 
aii. t 
eel rdw, 
1.46 
-11.42 
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=lino2 
=11.63 
“11268 
=llaes 
= 25 Oi 
=liece 
=10'. 76 
=10.595 
=) 106 
=1is2s 
“11.19 
=l1.79 
=10.37 
-10.94 
=—i0 Ye Ua} | 
=1t.:09 
=10),95 
=is io 
fat re 
sles ie) 
=1.02 
=165.99 
Ge) Uae J 
-10.89 
silses 
=11.34 
a1 1.31 
Sli. 2o 
= Peete! 
oo 
=h1.S2 
-1175359 
ot) reel, 
= l44 
11... 46 
-li.4o6 
“11.44 
“11.44 
“11.46 
= lel. el 


“6. 
eelne 
ols 
015 
-18 
melee 
~18 
14 
«lz 
pS 
~14 
~16 
o tz 
o 1 
-18 
- 38 
87 
87 
~-89 
~16 
-20 
~19 
~13 
. 88 
~O7 
87 
.97 
~86 
- 86 
- 86 
87 
~ 89 
- 88 
ap 
~18 
Be: 
i ea 
~ 16 
~14 
-i4 


Se 
Bake his 
=.16 
als 
= 
aire arg 
ace ig 
=.i¢ 
me tl 
se liz 
~.14 
aoe S 
=~ .iZ 
51) 
=-.09 
-.98 
=.07 
= Od 
-.09 
-.16 
-.20 
=.19 
a. vo 
-.08 
-.07 
~.07 
adres 
-.@6 
-.06 
~.@6 
=.07 
=.07 
=06 
=s17 
=a 10 
=e 
Sores 
=. 16 
-.14 


TABLE Xl 


PRINTED OUTPUT OF INSERTION LOSS FOR £0 aB ATTENUATOR USING 
SGHOTTKY DIODE DETECTOR 


DEVICE UNDER TEST ©) =i sabe eee 


Frequency Insertion Max Ins Min Tm Max Wn Nin Une 
(Erez? (dB) (dB) (dB) CdB> Cid BD 
68.40 -23.52 ae 2 ag =e. o aed = es. 
68.39 =20.22 aos 10 =20'. 33 ele ae ee 
68.00 “19.393 = le Sees) ee 1 .88 -.03 
60.39 rae has eed = =. Oe -20.06 .10 =a 
61.20 =19..9- -19.34 -20.14 slo =wlo 
61.90 =20 ee -20.08 =20, 34 re meen 
61.380 -20.34 S20.23 -20.45 aot =a 
62.10 =20.22 =20, 11 =20 noc oil Saal 
62.40 -20.45 =2862 9 -20.60 16 = Mss 
62.72 -20.41 —24. 26 es coal hs ah eS) Slo 
63.00 =205 39 =20.256 =20.92 714 Se 
63.30 ed oS —20. 10 20.90 -18 elit 
63.50 =20.30 =2Ue22 -20.48 es =13 
Goa 20 229... 36 -20.22 = 20a 214 =,14 
64.20 20a -20.43 =-20.68 ~12 = 
64.58 =20e 94 -20.42 =20.5 3 ele Sel 
64.30 “20.50 -20.54 -26.75 ei =s.8 
65.10 =20.69 =20. 53 -20.30 oil are 
65.40 -20.96 =2049. =2 1, 06 -19 =A 
65.790 =20, 30 als Pett ae ae -1 =e) 
66.00 Scheie ad nes =e like -18 = 
66.30 =2),08 20S =21.20 mel 1 =e 11 
66.60 -20.98 =e. or aloo oil rebel 
66.30 = 20, 97. 28.36 =21 206 wl raked 
67.20 -21.06 =~ 100 es) es 0 - 06 =06 
67.50 -21.36 mel. ce -21.46 -10 =,10 
67.380 =21.591 -21.40 ~2leoe oil marae Ns | 
638.18 -21.48 s2lwda eae ers S| 18 =10 
63.40 -21.50 ss) arg a =2 leo .09 =~ o> 
68.790 = ee cael BS =21.97 07 =a 
69.90 =41aeo =Z£igoo = ett 218 poe) 
69.30 =21.656 = 21 ot = el nari ~12 oe: 
639.60 -21.84 Slee els fo le =, 12 
69.90 sella O =e aC =o loo als =.13 
70.20 -20.20 wey 4 ala i -20.34 aes =, 03 
70.58 -20.34 -20.26 -20.42 . 08 ei elt=: 
78.30 =2 0.09 -20.00 =Z2001S 99 Sole, 
Fe re 2, -20.24 =24.15 =20. 32 - 88 =,u3 
71.48 =2O. 50 -20.24 20 ear, O07 icy alty 
Cae OF ral) -20.42 ots) 3 ERS =20, 92 . 99 -.09 
72.00 -20.59 =26.36 -20.64 ~14 -. 14 
72.30 =cUno7 -20.483 =20.¢1 e12 = be 
72.69 =2Oa6c = 2 Oiasbel =204.05 07 ae 
72.90 =2.o0 ~20.51 =20.. 50 ~O7 =. 07 
(3.20 -20.34 =20.¢7 —20 te - 98 =.93 
73.990 elit =cOe 3s =21.U9 -08 =,48 
73.30 =20, 793 =20.36 -21.00 07 12 Ti 
74.18 -20.92 -20.36 ea Oe ~95 =00 
74.40 =20 os -206.86 =—28.0 2 - 96 =2uo 
74.70 -20.72 -20.66 =20.¢7 . 86 -.06 
Coe 204 52 =-20,22 ~-20.41 99 me Sh, 
75.38 =20. 97 -20.48 =20n 6 A ell rere 
75.69 =20.3? -26.31 “20.96 . 88 -.08 
(3.99 = Oe “21.02 = lea Or —ao7 
756.29 =2 1b! -20.94 =21.05 oe lel 
76.599 -21.41 = eee mee), 209 > (ie! 
76.30 <2 “21.44 =Z2loe real =o 
feren )4) = el “21.42 = Zoe .09 = eo 
77.40 =2l aoe =o eve =21.,61 -190 Se) 
Clete 3) AYE Sse) Ae) &. ele ae eels, =. 
73.09 “21.72 21.62 Sees 218 =e) 
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73.30 
73.60 
73.90 
79.290 
79.50 
79.80 
88.18 
88.48 
88.78 
81.08 
81.38 
81.68 
81.90 
82.20 
82.50 
82.88 
83.10 
83.40 
83.70 
84.00 
84.38 
84.60 
84.90 
85.20 
85.58 
85.880 
86.18 
86.40 
86.70 
87.08 
87.30 
87.560 
87.98 
88.29 
88.58 
88.32 
89.18 
89.48 
89.78 
98.00 


-21.56 
~21.44 
=21.9¢ 
-el.sce 
=22.03 
Selete 
a0. oF 
=20.355 
Saelale 
[Zin eo 
=2aced 
~21.04 
-20.97 
-20.94 
=20 190 
-21.14 
=<e1.09 
-21.07 
=21602 
-20.74 
=20.80 
-20.80 
-20.80 
-20.96 
~21.06 
Tele O6 
Sere U 
“21.04 
-21.10 
eels 26 
al ao rail Be 
wolwar 
Se lese 
=elses 
Seed Ss 
ef RO, 
e2l,03 
“21.35 
sel.oG 
selot2 


“21.46 
-21.34 
a A 
=21.79 
-21...94 
ae lie Oe 
-20.78 
“20.76 
Se ere be 
=e lie kt 
Seles t 
=20.9e 
=20.<e9 
-20.87 
-28.38 
-<1.09 
=21,03 
“21.02 
me wie > oO 
8, Sey) | 
-20.68 
SeUnce 
=20!. 69 
=20) oc 9 
220.998 
=20.98 
“21.03 
-20.98 
-21.04 
Sen. e 1 
See se 
Tee 
me. OL 
=<21.07 
-20.96 
-21.02 
-20.86 
Sele? 
=Z1.23 
=21.29 


hoses < COnt . > 


-21 09 
-21.54 
“21.65 
=21. 99 
=o 3 


-21.82 
=21,.01 
-20.94 
=21.:<6 
pelos 
=21. 33 
=) bares Ve) 
tap TR 2 fee) 
=21.01 


is -21.93 


sels cd 
=21.19 
Sel.i3 
21.09 
-20.357 
-21.02 
=20.93 
Sel. 29 
-21.06 
“21.14 
Sel. 4 
See 
=21.1¢0 
=21. 16 
=2l. 32 
-21.46 
-21.34 


=21.44. 


=al.so 
Bek. oO 
-21.36 
-21.20 
sta late | 
=2 1. 90 
=21.- 96 


a Ns 
~19 
88 
~ 87 
~ 10 
o 12 
“| 
89 
- 88 
- 88 
eG 
a 
- 08 
~ 07 
07 
- 86 
~ 06 
- 6 
87 
13 
ae 
15 
oy les 
-10 
- 98 
- 88 
- 86 
~ 86 
- 86 
~85 
07 
ale 
-8r 
~ 16 
~17 


+ 
f 


017 
~16 
mle 
~14 


=. 10 
~ 83 
- 87 
~ 10 
-10 
cao to | 
~ 89 
-.08 
- 88 
oil 
12 


SO" 
87 
-.@06 
- 86 
- 06 
~O7 


a 
ely 


~17 
~18 
215 
- 18 
-98 
- 88 
- 86 
~ 06 
- 06 
- 85 
~ 87 
07 


=~ 


~16 


ee et 
= 


i 
eee 
» 16 
~13 
sce 


TABLE Agi 


PRINTED OUTFUT OF INSERTION LOSS FOR S30 dB ATTENUATOR USING 
SCHOTTKY DIODE DETECTOR 


DEVICE UNDEP TEST : 30 GB ATTENUATOR 





Frequency Insertion Max Ins Min Ins Max Une Min Une 
(GHZ, CdB) CdB> C€dB> (dB? CIB) 
68.00 -30.<24 ~e4. 96 -30.5u Rene 6 
60.390 -29.80 “229.68 -29.92 ae ar We 
60.60 -29.23 “29.15 -29.31 88 -.08 
60.9399 -29.36 =292¢95 -29.97 Ral -.11 
61.29 -29.54 -29.37 -29.70 aes =a 
61.590 -29.87 -29.88 -30.905 -18 -.18 
61.80 -30.19 -30.08 -30.31 aol ro || 
62.19 -29.89 “29.77 -30.00 | -.11 
62.40 -29.88 ae e -30.04 216 -.16 
62.70 “36.12 -29.96 _ 2738.27 -15 =. 1S 
63.99 -30.900 -29.86 -30.14 214 -.14 
63.39 =o 1 -29.54 -29.39 RS! -.18 
63.08 2956 1 -29.69 -29.94 a BC} -.13 
63.90 -30.04 -29.99 -380.18 ~1is -.,14 
64.22 -30.48 -36.35 me eile 213 -.13 
64.590 -30.20 -38.08 “30.32 siz =.12 
64.30 -30.32 -30.29 -30.43 ote Sa he 
65.194 -30.14 -33.903 -30.26 mae -.11 
65.402 -30.32 =~3s¢ 1 -38.93 Bi Wa -.11 
65.79 -30.58 -30.47 -36.68 18 -.10 
66.00 =3il woe =30. 22 =3il.i1 18 -.10 
66.30 -30.7°9 -30.67 -38.90 le la 
66.69 -30.75 -28.53 -30.36 aloe -.12 
66.90 -30.45 -30.34 -38.56 eyed = oc lel 
67.20 “30.72 -30.67 -30.783 ~ Bo -.06 
67.58 -31.20 Senate -31.308 -18 -.10 
67.88 -31.905 -30.93 -31.16 aed -.11 
68.10 -31.908 -30.97 -31.18 -10 -.10 
63.40 -31.50 -31.41 -31.59 - 09 -.a9 
63.78 =31.25 =31.17 See) RE .38 -.08 
69.939 -31.44 =3sl.33 -31.54 Fale =14 
69.390 “31.19 -31.06 “31.31 wile =~ he 
69.60 -31.48 =31.37 -31.60 sae = eld 
639.98 -31.¢e1 -31.68 -31.34 Pe We: -.13 
70.29 =29.83 =22 0 =29 20 Le -.13 
70.50 -390.35 -30.27 -30.43 03 -.08 
79.32 “29.2 -29.653 -29.80 .B9 -.09 
rig Ore Ws) -29.47 -29.39 -29.54 . 98 -.9$s 
71.42 -30.27 =30.21 -390.34 -O6 -.06 
clue -390.31 -30.21 -30.41 -10 -.10 
r2.00 -30.07 a ie 2 -30.22 PWS: al 
Cease -30.38 -30.26 -30.49 wld -.12 
72.60 -30.37 -30.30 -30.45 87 -.07 
72.90 -30.95 =29,. 96 -30.11 Or -.06 
73.20 -30.44 -30.37 -30.51 O97 -.07 
ge rs -30.47 -30.40 -30.54 Olin -.907 
73.39 = 30 le -30.05 -39.138 .985 -.06 
74.18 -30.54 -34.49 -30.604 Pa ee -.05 
74.40 -360.4c -33.37 -30.43 2S aS 
74.798 =30.20 -30.193 -38.36 sus =a 
72408 -30.14 -30.00 “30.21 .03 -.08 
foes =e -33.08 -30.er 0 =. 12 
75.60 -30.65 -30.57 =30 072 -388 -.08 
rigor nd) —-30.31 -30.74 -30.33 Py ~ea eG 
75.20 -30.66 -3@.59 = S05 0 a » B85 -.Uo5 
76.50 -31.04 = as is =3)/eel 08 -.99s 
75.30 -31.27 “31.21 -31.34 Or ee 13) 
fea tO =S1.36 -31.29 -31.43 aor =e 
(ta =2 1.08 -31.01 =“Si.lo Aa’ Fe -.08 
fe ee 31.43 -31.36 =o lio .¥8s -.08 
78.80 -31.35 “Silver -31.4e .08 -.v8 


aye) 


meno 
73.60 
73.99 
79.20 
79.58 
79.80 
80.10 
88.40 
80.70 
81.90 
81.38 
81.608 
81.90 
82.20 
82.50 
82.38 
83.18 
83.40 
83.70 
84.80 
84.30 
84.60 
84.998 
85.20 
85.50 
85.80 
86.10 
86.42 
86.70 
87.00 
87.308 
87.60 
87.32 
88.20 
83.50 
88.30 
89.10 
89.42 
89.798 
98.00 


=S iho 
eee 
=31, 60 
=Sla 67 
SiS © 
—S1. 76 
2997 
-30.75 
=S0).77 
=30.31 
-30.85 
-38.48 
-30.04 
=30). 30 
=“30.19 
-30.14 
=30.57 
“38.95 
-30.46 
=30. 306 
SO 6 13 
30.29 
-36.51 
=s0.0 1 
-30.68 
=30. Je 
=30 209 
=30. 36 
-30.62 
-30.68 
=30s99 
= sO 96 
-380.93 
=38.78 
Power « 
-30.35 
=30. 42 
=30.76 
woke 1g 
-31.04 


=o 
=si.i7 
me cre) 
S31. oe 
SS on 
Sole oo 
S23 ¢ 
-30.64 
-38.68 
=30's 21 
=O ¢ 
=30.31 
=29.97 
-30.23 
=30.12 
-308.08 
=36.51 
=30.5? 
=30.359 
wel aee he, 
Seo. 6 
=30 11 
“380.34 
-30.48 
= 30056 
-38. 83 
-38.53 
-38.38 
=30.57 
-30.62 
=39.93 
=30.399 
-30.86 
-30.52 
-30.68 
-38.68 
=s0, 20 
-30.68 
=31.05 
=30, 90 


Sat 


TABEE, AleleGcont .) 


= 1.2 
os) IR 
=31.67 
=S) leo 
=o lea 
= lie so 
=30.07¢ 
=30.66 
-30.86 
30.41 
=e0. 93 
-30.49 
-36.18 
=-30.33 
= SO se 
-30.208 
=30.Se 
=-31.6! 
S30. 5e 
“30.41 
~306 29 
-38.48 
=a a Or 
=30.62 
=30.0¢ 
=-31.02 
=O. bo 
30042 
=30.67 
-30.74 
=3 lw OOS 
meal OS 


=290.99. 


=30.93 
-30.94 
=3 1.01 
=30.99 
=30. 31 
=s1. 32 
=sl.t9 


OS 
BS 
QO? 
865 
88 
B9 
18 
11 
@9 
18 


- 88 


»95 


09 
@7 
88 
Br? 
06 
06 
@6 
@6 
at 
re 
19 
16 
tt 
Q9 
v9 
66 
@6 


06 
@6 
87 
8’ 
15 
17 


= 16 


i? 
lo 
14 


is 


-.03 
-.08 
=< 0iG 
soe 
-.88 
=, 09 
~. 10 
=i 1 
cere slg 
rey a 
-.088 
elle] 
= OC 
-.08 
=.00 
-.06 
-. 06 
-.06 
-.06 
cate el 
ae Og 
=..19 
=. 16 
=e i.) 
=. 09 
=.09 
-.06 
-.86 
-.@5 
-. 86 
-.06 
=.07 
=. Or 
-.15 
mare ara 
=. 16 
ty lard 


-.14 
-.14 


TABLE AITII 


PRINTED OUTPUT OF INSERTION LOSS FOR 40 dB ATTENUATOR USING 
SGHOTIRKY Bi@DE BEG2e Ter 


DEVICE UNDER TEST : 40 JE ATTENUATOR 


Frequency Insertion Max Ins Min Ins Max: Une Mine wine 
CGHz> CdB>d (dB) CdBd CdBd C(aB) 
69.08 -37.22 =—35. 26 -37.49 5 ZAG een 
68.380 -36.43 -36.31 =36.56 a ee “so 
60.60 Seren So = AWS -37.62 »09 -.09 
60.98 “37.54 -37.44 -37.64 a3) set) 
61.28 -37.34 -37.63 -38.00 .16 = 6 IS) 
61.50 -38.46 JE}: gear -33.04 ela =. 19 
61.39 -37.42 oi oe oe So all So bil 
62.18 -37.24 -37.13 SEVe OM = Gelie =e 
be. 40 -37.66 -37.50 -37.31 216 ae lis 
62.70 =-39.22 -39.07 - =39.38 ~16 -.15 
63.06 =3 0.351 =3(.16 -37.45 e1¢4 =,14 
63.30 -41.66 -41.48 -41.34 po ee Ses) 
63.68 -49.32 “43.19 -40.44 ip Bs =e 
63.99 -39.94 Sci a el Solely %6 BS) Sens 
64.29 -38.42 -38.30 -33.53 ae -.12 
64.58 -39.18 aon GO ¢ eos oO ll Seal 
64.38 =36.60 -33.54 =33.76 5 | =e! 
65.18 -37.95 -36.93 =o 1S rah | =-.11 
65.49 -~42.67 -42.56 ~—a25 03 am bat -.11 
65.70 -43.984 -39.94 “49.14 .19 =218 
66.49 =40.23 -49.13 -43.32 a) = hl 
66.39 -49.99 -486.78 -41.982 phe le 
66.69 -38.33 =p cclearg al -33.95 le rs ha 
66.98 -48.13 -49.62 -40.2 ee! ae hl 
67 sce = Se ie =e ol -40.03 .46 06 
67.90 -39.45 -39.35 S37, 00 18 -.10 
67.30 “41.33 Sa eee -41.44 soled eile 
68.16 -43.02 -46.52 -48.72 .18 ee LS, 
68.4 =~45.35 -45.77 -45.94 Pl’, Sr ile, 
68.°0 —oo.t? “39.72 oo co 07 =, Uir 
69.09 =o oe las -39.99 -39.29 1g kt, 
69.32 -42.79 -42.58 -42.32 ale Sie 
69.68 mete ly Cie -39.15 =39.39 le bre 
69.980 -43.82 ei Sign. =—+3 50 213 = 
78.29 -48.97 -438.34 -41.19 eS ae se: 
78.50 -39.34 mere ee) =32ae35 sO? mec le. 
78.39 -41.43 -41.35 -41°.51 .38 -.839 
Cle -38.42 =—55 oo =39..59 .98 -.88 
71.40 -43.64 -40.58 -40.79 .86 -. 66 
gp re 4) -48.31 -4$0.21 -48.41 218 = lee 
72.09 -48.26 -43.19 -40.41 <285 Sry Ls} 
(2.30 -42.34 =t25 20 -42.46 we = 12 
72.69 =t2.92 -42.35 “42.99 «a7 =e 
(26390 -39.39 = somes S -39.46 ar =. or 
(3.20 = 35.166 =—33 52 -38.67 aor =—0C 
(S250 -46.308 =16.¢3 -46.37 Ne -,07 
73.398 -37.59 -37.53 -37.65 - 06 -.06 
74.10 ~ Soe t -38.91 =so.035 . 36 -.06 
74.49 -41.71 “41.65 -41.76 . 36 =.06 
74.768 =38,. 06 =3 oi. J —se.02 . 86 = aS 
toe0o = oo “432.51 -42.66 aor -.07 
Claes0 =—s9.57 pe FAS: -39.%49 .19 me, 
gains, -49.61 -43.53 -40.59 .83 -.48 
feed, -49.33 -40.75 -48.38 .07 =. 07 
(onc = eS =3 oi -39.7 a? =e 
76c00 -40.57 -43.56 -49.563 .a7 =200 
76.38 ~43, Si) -43.44 -43.57 -O¢ ne 
(cal “40.24 -40.18 “438.31 06 mo Me 
77.49 -42.32 -42.75 -42.38 Aleit ¢ -.07 
7.8 -42.15 -42.99 -42.21 . 86 -.86 
78.98 -42.71 -42.63 —12.73S .08 -, 8S 
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TABLE XIII (cont.) 


73.30 =—4 1703 -41.75 =41.990 -or =, 8° 
73.60 -41.32 “41.24 -41.48 - 88 -.08 
78.90 -41.47 =41.39 =4 evi - 88 bec vel| 
79.20 “48.91 -48.85 -438.97 - 06 -.66 
(9200 “42.93 -42.85 -43.@01 . 838 -.a8 
79.80 -46.51 -4940.42 -40.69 89 =. og 
80.10 =39. 11 =39.01 =S9 vce ~1l = bd 
88.40 -42.76 -42.64 -42.87 ~1l a reeked 
80.78 -48.29 -46.19 -40.39 -19 =. 10 
81.80 aber) =oI9.0S =o9.19 - 88 -.98 
81.30 =29.90 =39. 09 -40.07 89 =.09 
81.60 -38.68 -38.690 =39.7¢ - 89 =. 09 
81.90 =o. oC =J6. 90 -37.04 87 Solel 
82.28 =39.74 -39.66 ke tae - 88 -.08 
82.50 -42.13 “42.05 . 742.22 - 88 -.08 
82.80 wae) rs1e] =39.47 SENS ele, 86 = 5 ls 
83.18 37 339 =37 2.52 =37 236 87 =.07 
83.48 BIO 6 =39.6/7 =37-290 ~O7 =.07 
83.70 -41.54 “41.4? -41.60 ~ 97 =. 07 
84.90 -38.34 =33.<e8 ~33.45 abi Silk 
84.30 ~41.02 -40.85 “41.19 ol? =, 1¢ 
84.60 -39.06 -38.88 =J39.20 019 =< 9 
84.90 =39.890 -39.63 =3 9. 96 a lig Sol ¢ 
85.20 =39'.S5 =39.23 =39 #4? ~12 =-.12 
85.58 -41.24 =41 U5 -41.34 -10 =.909 
85.380 -40.85 = to -40.15 -10 = La 
86.18 =39.43 =s9.37 =-39.49 - 86 -.06 
86.48 “42.59 no, ee RE) -42.65 - 86 -.06 
86.70 = 99.13 =37.08 ie BS le) ~OS =.00 
87.80 -41.26 =41.20 -41.32 - 06 -~. 86 
87.30 -43, 89 -40.03 -46.15 - 86 -.06 
87.60 =oo. or -38.98 -39.04 ~8? NG 
87.90 -41.05 =41.09 “41.72. - 06 -.@6 
83.20 moo. Of =e o =398.903 LS =a 6 
88.50 42.76 -42.58 -42.93 ~17 atte th 
88.80 =375 02 -36.88 ~S( sec eld Solr 
89.10 -41.08 -40.82 = 6471 7 217 cota Oe 
389.408 =39. 0 CS a = 395.0 4 ~16 =—116 
89.78 =o sor 37. we Seeley 215 cay eS) 
98.08 -40.31 -$8.056 -40.95 ~1S =. 15 
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TABLE XIV 


2 PRINTED OUTPUT OF INSERTION LOSS FOR 45 dB ATTENUATOR USING 
SCHOTTKY DIODE DETECTOR 


DEVICE UNDER TEST 3: 4S dB ATTENUATOR 
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Frequency Insertion Max Ins Min Ins Max Une Min Une 
(GHz> CdBD CdB> CdB) dB CdB>D 
68.00 -37.33 -3¢.558 -33.0%3 fer -.2o 
68.390 -37.7 -37.65 “37.32 He Oe: =<. 13 
68.690 -39.42 -39.33 -39.S1 - 89 -.093 
60.98 -41.08 -40.91 -41.09 .09 -,09 
61.28 -40.20 -48.0¢4 -48.36 216 -.16 
61.58 -41.27 -41.09 -41.45 eic -.18 
61.80 -39.S32 “39.71 -39.92 ah -.i1 
62.190 -39.38 -39.77? -33.99 eolel = eelot 
62.40 -38.03 -37.837 -38.18 EOS -.16 
62.70 -39.57 -33.42 -39.V72 «1 SS) 
63.08 -39.00 -38.36 -~39.14 ~14 -.1¢4 
63.30 -40.61 -4$8.43 -40.7° is ae 
63.60 -39.29 -39.16 “39.42 5 Ge) -.13 
63.998 “41.077 -41.64 -41.91 a 14 =a hs 
64.28 -42.34 “42.72 -42.95 lee er) es 
64.50 -42.59 -42.48 -42.70 rp | me tl 
64.80 -39.5S1 -~39.40 -39.62 melt -.11 
65.18 “41.11 -41.00 “41.23 ole = yall 
65.42 $42.73 -42.62 -42,.84 elt -.11 
65.78 -43.59 -433.49 -43.09 -18 -.10 
66.08 -39.76 -39.66 -39.86 .10 -.10 
66.30 -39.08 -38.96 -339.29 mle =e le 
66.68 -40.54 -46.S52 -40.? wile =e 
66.90 -42.27 “42.15 -42.383 sie =e 
67.20 -45.16 -45.18 -9$5.21 - 06 -.06 
67.50 -42.68 “42.59 -42.78 «10 -.19 
67.80 -42.27 “42.16 “42.37 ae | Sane | 
68.18 -44.19 -44.08 -44.19 -10 =i 1 
68.40 -40.12 -38.063 -40.28 .99 -.89 
68.70 -40.24 -40,17 -48.31 07 -.07 
69.980 -44.08 -43.98 -44.19 Ae | Ser 
639.30 ~a3). 70 -43.73 -44.03 wis -.13 
69.60 -43.33 “43.21 “43.44 ale male 
69.90 -434,42 -34.29 “44.5 Hes Ye: -.13 
70.20 -39.53 -39.40 -39.60 is -.13 
70. 50 -38.50 -33.42 -33.59 - 08 -.03s 
78.30 -33.40 “29.31 -39.49 .89 -.09 
Cat Ore i) “39.27 -39.20 =—S 9 oS Or -.07 
71.40 -41.83 -491.76 -4$1.89 ~ 06 -.06 
“1.78 ~39.43 -39.33 =39. 55 710 =7 18 
72.00 -41.71! -41.56 -41.36 LS -.15 
72.30 -41.03 -40.91 -41.15 fle -.12 
(areal, ~40.44 -40.37 -48.51 07 -.07 
7e.98 “43.16 -43.09 “33.23 Jr -.07 
73.29 -42,.30 -$2.23 -42.33 Oi -.07 
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